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INTRODUCTION AMD HISTORICAL REVIEW 

Sensory receptors are the immediate detectors of 
environmental stimuli. These may be of chemical, physical 
and mechanical nature. Chemical receptors detect olfaction 
and taste, physical light and temperature and mechanical 
position and motion etc. Among the receptors of fish, one 
of the important sense is the olfaction, which maintains the 
contact of the organism with its external environment and 
supplies informations regarding the variation of behavioral 
responses in relation to the changing effects of biotic and 
abiotic factors. In fishes the sense of olfaction plays a 
major and sometimes decisive role in feeding, defence, 
spawning , schooling, orientation and migration, as they are 
restricted to the aqueous environment. 

Historically, the existence of sense of smell in 
fish has long been controversial. Nagel (1894) denied the 
existence of true olfactory sense in aquatic animals, 
premissing that the organ of smell can only be stimulated 
by gaseous substances . Nagel (1894) was of the opinion that 
chemical stimulation in aquatic animals could only be mediated 
by taste* Since then many Investigators attempted to differ- 
entiate between the sense of smell and taste in fishes {Von 
uexkuli, 1893* Herrick, 1908; Parker, 1910, 1911, 1912, 1922s 
Sheldon, 1909, 1911 1 Copeland, 1912; Olmsted, 1918 end 





Strieck* 1924). The most convincing evidence of the sense 
of smell in fish was obtained by Strieck (1924). 


Uexkull (1895) contradicted the idea of Nagel (1894) 
by conducting his experiments on the shark ( Mustells canis ) . 
He observed that the shark, whose epithelial lining of the 
olfactory sac is operated, locate their food with great 
difficulty in comparison to those having Intact olfactory 
epithelium. The operated shark use to swallow sardines 
heavily coated with quinine which was soon discarded from 
the buccal cavity. 


Herrick (1908) in his researches of nervous system 
of the olfactory and gastatory senses, distinguished these 
two senses on the basis of the reception of stimulation. He 
demarcated the olfactory sense as a distant receptor whereas 
the gastatory is localized in the oral cavity and can be 
perceived only by the touch of the material of gastatory 


sense 


The different experiments of Parker (1910, 1911)* 
Sheldon (1911) and Copeland (1912) on fishes have proved 
that the sense of olfaction plays an important role in 
locating the food material in aquatic medium. So the wrong 
idea of Nagel (1894) was further contradicted. 


Sheldon (1911) noted that there was no basic 
difference in the sense of olfaction of fished end ether 


vertebrates. Parker and Sheldon {1913} observed that the 
sense of olfaction and teste differ not only with regards to 
the quantity of stimulating substances but also in their 
concentrations . Olf actory organs in fishes perceive very 
dilute solution while gastatory organ with more concentrated 
mixtures. 

The existence of the sense of smell in fishes was 
very convincingly proved by StriecK (1924) . He observed that 
trained minnows can very easily discriminate between the 
odorous and taste substances. However, after the removal of 
forebrain the trained fishes were unable to discriminate the 
odorous substances. 

Earlier investigators who worked on the anatomy of 
the olfactory organs of fishes are those of Bateson (1889), 
Burn© (1909), Allison (1953), Hagelin and Johnels (1955), 
Kleerekoper and Erkel (1960), Trujillo-Cenoz (1961), Johnson 
and Brown (1962) , Kubiak (1962) , Branson (1963), Gooding (1963) 
Pfeiffer (1963, 1964) , Bannister (1965), Moulton and Beidier 
(1967) . The generalised review on the anatomy of the 
olfactory organs of fishes have been published by Kleerekoper 
(1969), Teichmann (1954) and Hara (1975). 

The recognised Indian workers who carried out their 
researches on Hie anatomy of the olfactory organs of Indian 
teleosts are Kapoor and ojha (1972a, b, 1973a ,b) and Q jhe and 
Kapoor (1971, 1972, 1973a, b and 1974), their two paper# hara 
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also been appeared on the histology of the olfactory 
epithelium of Labeo rohita (1973) and Channa punctatus (1974) . 
But except above authors and to some extent Singh (1972), 
Rahmani and Khan (1980) no amountable work on the histology 
of olfactory organs of Indian teleosts has been conducted 
so far. 

Reviewing the existing literature it is found that 
the work on the olfactory organ of the European fishes has 
been done to some extent but little work has been carried out 
on Indian teleosts. Consequently the present work on histo- 
morphology of the olfactory organs of some fresh water Indian 
teleosts has been undertaken broadly to provide a basis for 
the further study on this important aspect. Therefore, the 
present study of the olfactory organ gives a comprehensive 
account of the structure, shape and size of the olfactory 
rosette, lamellae, nasal cavity and the accessory nasal sacs 
(wherever present) , The position of rosette in relation to 
cranial bones and varied structure of nostrils has also been 
taken into consideration. The topographical study of the 
relationship of brain and olfactory rosette has also been 
studied from anatomical point of view. The areas of both 
the rosettes were calculated and compared with the area* of 
both the retinae for making the approximate assessment of the 
sensitivity of olfactory and optic surfaces (Teichmann, 1954), 
Cellular components of olfactory epithelium, merve and bleed ' 
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supply have also been studied in detail from histological 
point of view. 

The present author carried out his research work 
on the topic, "Histo morphological studies of olfactory organs 

Indian 

of some fresh watery tel eosts”. The selected fishes are: 

Nandus nandus (Hamilton) , Orapok bimaculatus ( Bloch ), 

Notooterus chita la (Hamilton) and Qxyqaster bacaila (Hamilton) . 
The habit, habitat, distribution and diagnostic characters 
of these fishes are given below. 

Nandus nandus (Ham. ) 

Nandus nandus is distributed in fresh and brackish 
water of India, Pakistan, Bangladesh and Burma, The family 
Nandi da e is very primitive and once it was widely distributed. 
Most of the members of this family hide under rocks or in 
similar cave like places from where they dash out to capture 
their prey, Male usually guards the eggs and fry until they 
are able to swim freely. N. nandus is common in ditches and 
in undated fields where it preys on small cyprinldae* It is 
greenish brown with brassy reflection, vertically marbled 
with three broad patchy bands and a fourth crosses the free 
portion of the tail or occasionally there exists a black 
blotch. Some narrow dark bands radiate from the eye* Narrow 
bands of spots across the soft portions of the dorsal, anal 
and the caudal fins. N, nandus attains atleast 7 inches in 
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length. One of the most remarkable feature of the fish is 
large mouth which is equipped with extensible jaws that 
enable them to engulf other fishes atleast half of their own 
size. They frequently extend their jaws in what appear to be 
a prodigious yown (Herald, 1961). It is exceedingly tenacious 
of life. 

Oropok blmaculatus (Bloch) 

0. blmaculatus is found in fresh water of India , 
Pakistan, Ceylon, Burma to Java, Sumatra, Borneo Malaya, Slam 
and Indochina . In India it is found particularly in larger 
rivers. It is more common in Madras on the Malabar coast and 
in the cauvery river system. Its colour Is silvery but varies 
with the habitat. It may be white yellow or greenish brown 
shot with purple. A black spot is found on the shoulder 
behind the gill opening and above the middle of the pectoral 
fin. The body is laterally compressed. The anal is banded 
with a blackish edge. Caudal is deeply forked, lobes sharp 
pointed and the fish attains a length of one foot and half. 

It is carnivorous in habit feeds on insects and their larvae. 
Fishes of this genus are usually excellent as food and from 
their quality have been termed as * Butter fish*. 

Hotopterus chltala (Mam. ) 

includes £. m Sm&MM a* 

They are commonly known as f knife fishes* or 'feather backs * 
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and can easily be identified by a long anal fin which begins 
just behind the head and extends along the under surface of 
the body to the tip of the tail, tail fin as such is not 
evident* In the centre of the back is a small slender, 
dorsal fin which derives its name as ’feather back*. 

N. chitala is commonly found in the western part of 
India, Pakistan, Burma, Siam, Malay, Archipelago and 
Philippines , attaining at least 4 feet length. Brackish 
water localities are also inhabited by the fishes of family 
Notopterldae. Fishes of this family are bottom feeder and 
are found in a quite weedy reaches of great rivers in flood 
plains and stagnant water. They rest during the day singly 
or in shoal in shelter of old stem and thick floating plants. 
During the night they move insistantly, close over the 
bottom, seeking small prey such as insects, fish fry, finger- 
lings, small fishes, frogs, tadpoles etc. 

N. chitala is comparatively shy but more active 
than If. notopterus , it tends to be quarrelsome in aquarium 
and can not be kept with other fishes, being a heavy bodied 
fish and harmful to other smaller species, ffowever. It lives 
quite peacefully with other fishes provided they are not 
considerably smaller. 

The colour of the body is superiorly coppery brown 
with about 15 transverse silvery bars Joining ever the back* 
sides are silvery* Fins stained with greyish spots, which 
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are like black stars in the caudal region , placed in a single 
or double row close to the anal fin and sometimes extending 
the whole length of its base. Upper profile of the head is 
deeply concave and snout is rather prominent. The belly is 
uncommonly rich and well flavoured but the back contains 
numerous small bones and a strong prejudice exists against 
using this fish as food, owing to its being supposed to live 
on human carcasses. Local governments are trying hard for 
its successful spawning in the local streams and confined 
waters . 

Oxyq aster bacaila (Ham.) 

0. bacaila is found in fresh waters of India (except 
Malabar, Mysore, Madras and parts of the Decan) and Pakistan, 
attaining at least 7 inches in length. This species is 
restricted more to the valley of Ganges and its affluent 
streams, also to the Punjab and down the Indus, This genus 
is commonly called as *Chilwa * . The smaller varieties feed 
on mosquito larvae throughout the life. They have upturned 
mouth and feed on the surface water. In this fish ©left of 
mouth reaches to below first fourth of suborbital ring, Tho 
colour of the body is uniform silvery. These are delicate 
fishes and the larger species are used as food. 

The sense of olfaction is a long range type of 
reception (Marshall, 1967) in which informations are gathered 
from a distance like lateral line system. At the same time 
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a fish may stumble upon a sense of odours as it swims around 
its habitat# Capability of differentiating the water of 
different rivers by smell has also been reported in fishes* 
Teichmann (1957, 1959) demonstrated that trout could perceive 
the presence of phenyl ethyl alcohol at a concentration 9*9 
to i0~ 9 m* He reported that perception power varies 
markedly from species to species. Stimulatory sensation of 
the surrounding environment is collected by these receptors, 
through the external medium and transmitted to the central 
and peripheral nervous system for the realisation of the 
sensation* The environmental medium, in which an animal 
lives, plays an important role in transmitting the stimuli 
up to receptor concern, such as air for the terrestrial and 
water for the aquatic animals. 

Sophie Pereyeslawxelf (1876) studied the anatomy 
of the olfactory organs of Splea and X&phi^s 

this study was coarse and no full paper was available on 
the said topic* 

ilaue (1884) studied the anatomy of the olfactory 
chamber and rosette in M©a® * mmsSM* Mm* SsUSE* 

Gobius and Gadus . This important paper was published under 
the title of the olfactory membrane in fishes and amphibia* 
The generalised anatomy of olfactory pit and rosette was 
dismissed* 
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Weidersheim (1887) selected Tetradon niaropunc ta tus . 
X* iffltaaculatus , T. pupa , T. paradalls and Diodon maculatus 
to study the olfactory organs . He published an interesting 
account of the stages of degeneration of olfactory organs 
of Plectognaths and their change from a simple cavity to a 
split tentacle which is fully exposed to water. 

The olfactory organs in fishes are represented by 
a pair of olfactory pits which are located on the dorsal 
surface in Sturgeons and bony fishes, in sharks and rays on 
their ventral surface of the head. Olfactory pit is lined 
by olfactory epithelium which is generally raised in the 
form of serial folds or lamellae. Generally each nasal pit 
opens out side by two openings, anterior inlet and posterior 
outlet. In some species posterior outlet directly opens into 
the mouth. In Chimaera monstrosa the olfactory chamber is 
communicated dorsally with the naso-oral groove. The naso- 
oral groove is formed due to the extension of two external 
nostrils along the upper lid towards the mouth cavity. When 
the mouth is closed, water passes through the external nostril 
along the naso-oral groove and through the internal nostril 
into the mouth cavity. It is reported by Hell (1973) that 
since the olfactory chamber communicates dorsally with the 
naso-oral groove it is always supplied with water. 

The olfactory organs are diversely developed. At 
one extreme they are well developed such as in eiamenbreiiClni 
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and most of the eels and at the other they art poorly 
developed such as In pike, flying fish, stickle back, pipe 
fish, angle fish. Frisch (1941) denominated the former group 
of fishes as macro smates and the latter micro smates on the 
basis of the olfactory ability, this classification is also 
accepted for the other groups of vertebrates . 

It has been reported that there is a wide variation 
in the location, size, structure and degree of development of 
olfactory organ in teleostean fishes. Burn# (1909), Hermann 
(1933), Matthes (1934), Teichmann (1954), Holl (1965), Singh 
(1972), Zeiske (1973, 1974) have presented a generalised 
account of the olfactory organ of fishes, although there is 
no extensive review of the nasal anatomy. However, Laibach 
(1937), Eaton (1956) , Johnson and Brown (1962), Branson (1963) , 
Pfeiffer (1963, 1964, 1968, 1969), Devitsyna (1972), Kapoor 
and Ojha (1972, 1973a, 1973b), Ojha and Kapoor (1971, 1972, 
1973a, 1973b, 1974) and Rahmani and Khan (1977, 1980) carried 
out their studies on a single species of teleost fishes. 
Kleerekoper (1969) and Kara (1975) published a review on the 
anatomy of the olfactory organ of fishes and presented 
critically the anatomical peculiarities of the olfactory 
organs of some groups of fishes. 

Hara (1975) noted that the paired olfactory pits 
are usually situated on the dorsal side of the head. The 

eels possess long olfactory pits which eat tend fro m tip of the 



snout to the eye orbits , Such fishes with elongated pit 
have most acute sense of smell . The olfactory pits, contrary 
to the above findings, are totally abolished and nasal flaps 
are exposed to the water in tetradontif orraes , Such fishes 
are provided with very regressed capacity of sense of smell • 

Marshall (1967) gave a detailed account of the 
olfactory organs of bathypelagic fishes and found that males 
of such fishes, for example , Ceratoidea, Stoma to idea etc. 
have large olfactory organs but in females they are small or 
regressed. Moreover, in few groups (Lyomeri, Cyema, Avocettlna 
etc.) olfactory organs are extremely degenerated in both the 
sexes. Bertelsen (1951) and latter Marshall (1967) reported 
that macrosmate males are attracted to the scents of their 
much larger females. The scent is supposed to be biochemi- 
cally peculiar to each species. The slow moving females 
leave behind them a specific scent which is perceived and 
followed by the searching males, 

Bateson (1889) in a paper of sense organs and 
perceptions of fishes, besides some highly interesting 
physiological notes, gave details of the structure of the 
nostrils and olfactory rosette in various common species of 
fishes. He was assigned by the Council of Marine Biological 
Association, London to study the perception of fishes. He 
pointed out (i) the tubular character of anterior nostril 
in few fishes that hunt their food by scent ( Motella, CobiUs, 
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Solea. Conger . Anguilla . Lepadoaaster ) « (ii) the valvular 
mechanism of the posterior nostril in certain flat fishes, 
(iii) the main type of the structure of rosette; elongated 
in eels, oval in the majority of fishes or circular in . 

Coitus and exceptional type in which the leaflets are 
arranged in parallel series in a single row ( Pleuronectes 
and Hippoalossus ) . 

On the basis of the arrangement of the plates or 
lamellae in the olfactory rosette, Bateson (1889) differ- 
entiated four types of olfactory rosette in the following 
manner; 

i) In the skate and dog fish the plates are arranged 
in a radiating manner on the inside of a hallow 
capsule, like the septa of an orange . 

il) In the conger and eel, the lamellae are arranged 
in two rows on each side of the central raphe. 

iii) The most common arrangement is found in the third 
type of olfactory organ, where the plates are 
fitted together In a radiating manner, forming a 
convex eminance in the olfactory chamber* The 
whole organ is either circular (as in Cottus and 
Wfotella aujstela ) or elliptical (as in the mackerels) * 
In all the teleosteans mentioned in this discussion, 
most ©f the plates are placed at right angle te the 
long axis of the body and each organ essentially 
consists of two rows of such plates united in the 
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In Pleuronectes spp. and Hipppglossus vulgaris an 
entirely different arrangement is found. In these 
fishes, the lamellae are arranged in a single row 
which lie parallel to the long axis of the body. 

On the basis of the olfactory behaviour, Bateson 
(1889) divided the fishes into two categories:* (i) in this 
group of fishes which hunt their food with the help of vision, 
no reaction to the smell of food was observed. Such fishes 
don’t feed at night, (ii) second group of fishes seek their 
food by the smell, vision was never used for this purpose , 

He concluded that all the fishes hunting by smell are to 
some extent nocturnal animals; the groups of the fishes 
studied by him are those of eel ( Anguilla anguilla ) , marine 
barbot ( Gaidropsarus triclrritus and G. mustela ) . common sole 
( Solea vulgaris . Lepadoaaster aovanii ). dog fish ( Scvliorhlnus 
canicula) , ray ( Ra.la batls ) , African lung fish ( Pro top torus 
annectens ) and starlet ( Acipensor ruthunus) . 

Bum® (1909) studied the olfactory organs of 52 
genera belonging to 32 families of teleostean fishes. H® 
observed that olfactory chambers comparatively differ little 
in shape and size. In nearly every case, olfactory rosette 
occupies a constant and fixed position with regard to the 
bones of the skull, being lodged in a hollow ethmoid between 
the point of articulation with the palatine end the lacrynal 
bones « 
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Bums (1909) also reported that the nostrils are 
perhaps the most variable part of the olfactory organ but 
their variability is correlated least with natural 
affinities of the fishes. The position of the anterior 
nostril directly above the rosette is most common because 
its opening helps to facilitate the incurrent water to move 
over the olfactory lamellae. The anterior nostril is 
generally tubular especially in lower teleosts. In certain 
groups of fishes, notably the Cyprlnidae and Gadidae, the 
hinder wall of the tube becomes elevated to form a valvular 
flap and in other groups or genera (Esox, Merluecius , 
Clupeidae, Salmonidae ) the flap is augmented or replaced by 
a similar downward prolongation or curtain that dips into the 
olfactory cavity above the centre of rosette. Such studies 
led Burne (1909) to identify four types of anterior nostrils : 
(a) simple perforation, (b) tubular, (c) with posterior hood, 
(d) with internal curtain. 

Similarly, the shape and the size of the posterior 
nostril also seem to depend little upon natural affinity. It 
may be of two types: (a) either a simple perforation flushed 
with the surface of the skin of head, or (b) it is a slit or 
pin-hole which remains closed by valves . The outline of the 
posterior nostril is either circular, oval or crescentic but 
rarely tubular. The presence of circular or oval form of 
posterior nostril Is observed in many groups but it can not 



17 


be treated as a characteristic for those groups where only 
one nostril is present as in Gasterosteus . labidae and 
chromidae. 

In the fishes, which possess accessory nasal sacs 
for forcibly drawing the water through the olfactory chamber 
by pumping mechanism, the valvular condition of nostril is 
recorded. The accessory sacs can be separated into three 
series, (i) a single sac directed anteriorly from either 
above or below the rosette, { ii ) a single sac directed 
posteriorly towards the eye orbit, (iii) two sacs (ethmoidal 
and lacrymal nasal sacs) with very definite relation to the 
ethmoidal and lacrymal regions of the skull. 

Burne (1909) distinguished four types of olfactory 
rosette in teleostean fishes and classified them in columns 
and types of Bateson (1889); first type of rosette is oval 
in shape and is very common in occurrence in the fishes 
studied by him (Bateson’s, 1889 rosette type 3; Bume’s, 1909 
rosette column I) ; second type of rosette is circular in 
shape and is found in Cyclopterus. Bovichthva . Cottus , Esox. 
Orestias . It is provided with lamellae radiation in all 
directions (Bateson’s, 1989 rosette type 3j Bume’s, 1909 
rosette column III) ; third type of rosette is elongated with 
their lamellae arranged in parallel series at right angle te 
it (Bateson’s, 1889 rosette type 2; Bume’s, 1909 rosette 
column II), In most of the eels, to a less extent in sllurelds 



18 


and soles such rosettes are observed. Fourth type of 
rosette Is with transverse axis to the internarial line and 
the lamellae are attached to its posterior border in parallel 
series (Burne, 1909 column IV). Such rosettes are observed 
In Qphiocephalus . Hlppoqlossus and Pleuronectes . Species ■ 
with elongated rosette have well developed olfactory faculty 
because the number of olfactory lamellae is numerous. Fishes 
with rounded rosette normally have only a few lamellae and 
usually show poor olfactory perception. Species having oval 
rosettes are most common and stand intermediate between the 
two. 


Telchmann (1954) divided the fishes into three 
groups on the basis of the development of olfactory and 
visual faculties: (i) eye nose fishes in which both olfactory 
and visual faculties are equally developed ( Phoxlnus. Gobio ) . 
(ii) eye fishes with a predominantly developed optic faculty 
( Esox . Gasterosteus ) and nos® fishes with a predominantly 
developed olfactory faculty ( Anguilla and Lota ), He also 
made an attempt to calculate and compare the retinal and 
olfactory area on the basis of which he categorized the 
fishes into raicrosmatic (eye fish) and macrosmatic (nose fish), 

Teichmann (1954) took into consideration the classi- 
fication of Bateson (1889) and Bums (1909) and proposed as 
follows: The oval rosette (Bateson’s type 3, Bume’s rosette 
column I) with his 1st group of eye nose fishes; the circular 


rosette (Bateson’s type 3; Bums’ s rosette column III) with 
his 2nd group of eye fishes; and the elongated rosette 
(Bateson’s type 2; Burns’s rosette column II) with his 3rd 
group of nose fishes. However, Ojha and Kapoor (1971, 1973b, 
1974) who studied the olfactory organ In Gar pa qotvla (1971), 
G1 vp to thorax telchitta (1973b) and Sisor rhabdophorus (1974) 
questioned the feasibility of linking the olfactory faculty 
of a fish exclusively with such a morphological criterion as 
the shape of rosette. They observed, for example, in Gar ra 
qotvla , that this fish has a very well developed olfactory 
faculty but It possesses an oval type of rosette. Thus 
according to Teichmann’s classification Garra qotvla should 
have an elongated rosette. 

The data regarding the number of lamella© present 
in a fish were collected by Teichmann (1954), He concluded 
that the number of lamellae increases to some extent with the 
length of fish. In addition to the formation of new lamellae, 
each lamella increases in its size. Thus the area of 
olfactory epithelium of individual fish is considerably 
increased with the formation of new lamellae and by the 
growth of those already present. For the first time 
Teichmann (1954) reported the presence of secondary lamellae 
In rainbow trout* However, he confused them as the artifact 
of preservation. 

Pfeiffer (1963), Bertmar (1972), Kara gt al . (1973), 
Bashor ejj. a^. (1974) were of the opinion that the secondary 



lamella® ultimately increase the area of olfactory epithelium. 
However, it was observed that secondary lamellae are devoid 
of receptor cells. 

Great variations are reported in the arrangement of 
the folds of olfactory epithelium which vary from species to 
species. It is commonly observed that rostro-caudally 
elongated raphe is present in most of the fishes which acts 
as the place of attachment of olfactory folds in the central 
part of olfactory rosette. The variation in the number of 
lamellae in few species was reported by Wunder (1957) as 2 in 
Gasterosteus aculeatus ; 9-18 in Esox lucinus ; 11-19 in 
Thvmellus articus : 14-18 in Salmo qairdneri ; 30-32 in Lota 
lota ; 60-90 in Anguilla anguilla ; Shlbuya (I960) and 
Pfeiffer (1964) recorded 80-90 and 230 lamellae in Channa 
argus and Haolopaqarus guentheri respectively. Hara e£ al . 
(1973) recorded 12-14 and 12-16 lamellae in Salvelinus 
fontinalis and Coreqonus cluoeaformes respectively. It is 
critically studied by Kapoor and Ojha (1972a, b, 1973a, b) 
and Ojha and Kapoor (1971, 1972, 1973, 1974) that the 
lamellar development is always from anterior to posterior 
side. It is, therefore, concluded that posterior lamella is 
oldest and largest, no addition of lamella is reported to the 
lateral ends. Number of lamellae in a fish depends upon the 
size of the animal. 

The shape of lamellae is also variable from species 
to species* In some eases like Salmonidae, Clupeidae, tho 
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lamellae bear linguiform processes where the suppression 
of the peripheral part of the lamella leads to the exagge- 
ration of the linguiform process . Suppression of linguiform 
process causes the lamella to become gently curved or with 
straight free borders, as seen in Mermvrus. Clarias , Esox 
and Qrestias . In Muqil. Perea , Peqelus or Sohvraena , the 
lamellae are sharply convex but triangular in eel. In 
Percesoces the lamellae are entirely absent. The degenera- 
tion of nose is noticed in Lophius where few lamellae are 
present which are parallel to each other. 

For the first time Scot ( 1887 ) observed the 
accessory nasal sacs in fishes believed them to be homologous 
with Jacobson * s organs of higher vertebrates, Kyle (1899) 
described accessory nasal sacs in connection with the true 
olfactory chamber and laid stress on the fact that in several 
species of Pleuronectids ( Hippoqlossus . Pleuronectes . Rhombus 
with the exception of Solea and Cvnoalossus ) . the sacs 
secrete mucous and are not simple reservoirs but producing 
water currents by their alternate expansion and contraction. 
Lubosch (1905) (vide Bume, 1909) regarded them as the 
degenerate caudal region of the olfactory epithelium. 

Eaton (1956) reported in centra chid fishes that the 
epithelial folds radiate in spoke like form from the region 
approximately under the anterior nares. He named the two 
accessory sacs as medial and lateral pouches* He also 
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suggested that they are mechanical rather than olfactory in 
function. Hermann (1933), Gooding (1963) and Watling and 
Hilleman (1964) are of the opinion that though the accessory 
sacs are linked with the olfactory chamber but they don't 
have the sensory epithelium . On the other hand , Johnson 
and Brown (1962) in Sebastodes melanops reported that the 
two sacs are the extension of the epithelial cavity and lie 
in close contact with jaw bones . 

Kapoor and Ojha (1971a), Ojha and Kapoor (1972), 

Bara (1975) and others also considered that the accessory 
sacs help in bringing the water current through the olfactory 
chamber. 

The accessory sacs can be separated for convenience 
into three series : (i) a single sac directed anteriorly from 
either above or below the rosettes, (ii) a single sac directed 
posteriorly towards the eye orbit, (iii) two sacs (ethmoidal 
and lacrymal nasal sacs) with very definite relation to the 
ethmoidal and lacrymal regions . 

The idea of water circulation through the olfactory 
chamber was given by Solger ( 1894 ) , He pointed out that by 
alternate expansion and contraction of the accessory sacs, 
water flows in and out of the olfactory cavity, and the 
movements of the olfactory sacs are synchronous with the 
respiratory movements of the fish. 
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Pipping (1926) observed that the olfactory capacity 
is very much related with the nature of transportation of 
water circulation through the olfactory chamber. On the 
basis of this relationship he divided the fishes into four 
groups: (i) first group include those fishes in which the 
flow of water passes through the olfactory sac only at the 
time of the forward movement of fish, (ii) in the second 
group movement of water is caused by the pumping action of 
accessory sacs, water enters and exit through both the 
nostrils i.e. unidirectional flow of water is absent, (iii) 
in the third group water movement is unidirectional, created . 
by the pumping action of the accessory sacs synchronized with 
the respiratory action supplemented by the cilliary movement 
of the olfactory epithelium, (iv) in the fourth group of 
fishes water circulation is carried out through the olfactory 
chamber along with the respiratory movement supplemented by 
the ciliary action of olfactory epithelium. The passage of 
water current is unidirectional. He further specified that 
fishes belonging to fourth group have highly developed sense 
of olfaction which plays significant role in the recognition 
of food. In the fishes of first and second groups, olfaction j 
is weakly developed and does not contribute in the location s 

of food in the aquatic medium* | 

According to Doving et ajL (1977), BoVing and | 

Thowmesen (1977) the water circulation through olfactory | 

chamber is technically denominated as Isosmates and 



Cyclosmates types. In the former dilation of olfactory 
epithelium is responsible for the water circulation through 
the olfactory chamber whereas in latter compression and 
expansion of the accessory sacs, in relation to skull bone, 
bring about the transportation of water through the 
olfactory epithelium. 

The denomination of Doving et al, (1977) in relation 
to water transportation through the olfactory chamber is 
further corrected by Derivot and Godet (1979), They clari- 
fied the iso senates nomenclature of Doving et aJL. (1977) in 
the form of Heterocyclosmates and Autocyclos^mates. The 
former fishes are dependent on respiratory movement for the 
circulation of water through the olfactory chamber, whereas 
in latter ciliary action is solely responsible for creating 
the water current through the olfactory chamber, 

Rahmanl (1979) in addition to Doving et d, (1977) 
further elaborated the classification of fishes with regard 
to the circulation of water through the olfactory chamber and 
he put forward another denomination as amphisosmatie besides 
cyclosmates and isosmates. Here water transportation Is 
brought about by the ciliary movement as well as the pumping 
activity of sacs. The remarkable observation is the presence 
of window in some lamellae of Colisa fascia tus which facili- 
tates easy water circulation through Idle olfactory rosette, 

Kixvi sX ai* (1984) Studied the olfactory organ of 
a fresh water fish, ISystus vitat^s and recorded this fish os 
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macro sma tic species with predominantly developed olfactory 
faculty. They reported unidirectional entry of water in the 
olfactory chamber which is carried out by the ciliary move- 
ment of olfactory lamella# . 

Malyukina et al. (1969) reviewed the work on the 
morphology and functional peculiarities of the olfactory 
organs and significance of olfaction in feeding, schooling 
and migrating behaviour. 

Ojha and Kapoor have described in detail the 
morphology and functional anatomy of the olfactory organs of 
some Indian teleosts: Garra qotvla (1971), Wallaqo attu (1972), 
Labeo rohlta (1973a) , Glyp to thorax telehitta (1973b) and 
Sisor rhabdoohorus (1974) . Moreover, Kapoor and Ojha 
described other fishes: Muraena undulata (1972a), Ghanna 
ounctatus (1973a) and Cynoqlossus olioolepis (1973b), They 
concluded that when the anterior and posterior openings of 
the olfactory organ are separated by some distance, the 
anterior opening is always tubular, Bateson (1889) reported 
that the tubular anterior openings are characteristic of 
fishes having a well developed olfactory faculty. However, 
Kapoor and Ojha (1972, 1973a, b) and Ojha and Kapoor (1971, 

1972, 1973a, b and 1974) did not corrolate their openings with 
respect of behaviour. 

Waghray (1986) observed sexual dimorphism in 
electric ray, Martlnc tiwelei . based on the shape and' site of 
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the olfactory organ . He found kidney shaped and more rounded 
olfactory organ in male while it is slightly elongated and 
narrow in female. Linguif orm process of lamella is more 
prominent In male as compared to the female. 

Bertmar (1972c) observed that comparative study of 
one and the same structure or organ in related species of 
different ecological habitats may provide information on the 
detailed mechanisms of their function. Conversely, knowledge 
of how certain structures tend to undergo morphological 
modifications due to different functional demands may give us 
valuable information on the ecology of a species only by 
studying its structure. Bertmar (1972c) has termed such 
findings as 1 Eeostructural studies *. 

Our knowledge pertaining to histology of olfactory 
organ is very meagre. However, some of the important 
references in this regard are those of Hopkins (1926), Kolraer 
(1927), Allison (1953), Trujillo - Cenoz (1961), Branson 
(1963) , Gerane and Doving (1969) , Kleerekoper (1969), Ojha 
and Kapoor (1973), Kapoor and Ojha (1972c) and Hara (1975) . 
Our existing knowledge reveals that the plan of olfactory 
epithelium of the fishes is net very much different as 
compared to those of ether vertbrates j receptor cells , 
supporting cells and basal cells. The presence of sensory 
and supporting cells In the sensory epithelium of fish as in 
other vertebrates was also observed by Grlmo (1873)* Bogel 


(1886) and distinguished three forms of sensory cells: 
filamentous, rod shaped and cone shaped. In some species of 
Anguilla and Myxocephalus , large flask shaped mucous cells 
are observed which are interspersed among the supporting 
cells . The presence of mucous cells in the olfactory 
epithelium of other vertebrates shows variation in the minor 
detail within a particular organ , They are filled with 
secretory substance which is seen extruded out in the inter- 
lamellar spaces. 

Popova (1966) also reported the presence of mucous 
cells among the supporting cells. In addition to usual cell 
types, new cellular elements such as secondary neurone or 
spindle shaped cells and primary neurones or rounded cells 
have been identified by Kapoor and Ojha (1972c) and Ojha and 
Kapoor (1973) in Channa punctatus and labeo rohlta respectively* 

Bertmar (1972a, c) also described cell populations 
and dynamics in olfactory epithelium of Sea trout and the 
turnover of the cells within the epithelium. He observed 
that some blastema cells tend to undergo differentiation into 
primary supporting cells which give rise to ciliated, non- 
sensory and microvillus cells. Other blastema cells become 
elongated and give rise to primary receptors , In addition to 
the usual cell types, Bertmar (1972b, 1973) reported the 
presence of labyrinth cell in Baltic sea trout, which is 
unique among the vertebrates. He suggested that those sells 
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probably help to maintain an optimum ion balance for species 
migrating from sea to fresh water and vice-versa. 

Davitsyna (1972) compared two marine species. Sea 
cod (Gadus moruha ) and Novaga ( Elioinus novaqa ) with a fresh 
water member of the family Gadidae, Barbot ( Lota lota ) on the 
basis of the histological structure of the olfactory 
epithelium and bulb. He characterised quantitative distri- 
bution of receptor cells, along the surface of folds, is 
irregular in all three species and this is reflected in their 

.. v > 

concentration in some parts and their thinning out in others. 
However, the general pattern of the quantitative distribution 
of the sensory element over the olfactory fold is characterised 
for each species, 

Thornhill (1972) reported the structure of accessory 
olfactory organ of Lamoetra fluviatilis which consists of 
cluster of interconnected vesicles in tenous connection with 
the exterior medium via the cavity of olfactory organ. The 
wall of the vesicle is composed of two types of cells which 
are designated as light and dark cells, primary sense cells 
and supporting cells by Hagelin and Johnels (1955) and 
Thornhill (1972) respectively. The primary sense cells which 
are responsible for the sensation of smell, are provided with 
peripheral nuclei with their axons directly passing to brain. 
They differ from olfactory sense cells in the six® and number 
of cilia. It is, therefore, concluded that accessory sense 
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organ of Lampetra is capable of responding to ‘special kind* 
of chemical stimulus. Contrary to the findings of others, 
Thornhill (1972) suggested that the accessory olfactory 
organ is morphologically similar to the olfactory epithelium. 

Recent researches dealing with the epithelium of 
olfactory organ of fishes based on electronmicroscopy reveals 
that four types of cells are present in olfactory epithelium 
of Neoceratodus forester! i.e. olfactory receptor cells, 
supporting cells, nonsensory ciliated cells and basal cells. 
Goblet cells may also be present but their shape, size and 
secretory habit differ variably from species to species. 

The essential features of the olfactory receptor cell of 
Neoceratodus are the presence of microvilli and cilia 
(Theisen, 1972), 

Zelske et aj^, (1976) studied the epithelium of the 
olfactory organ of the cyprinedontoidae species by trans** 
mission and scanning microscopy. The relatively flat floor 
of the organ is covered by sensory and non-sensory epithelia. 
Nonsensory epithelium separates the distinct area of 
sensory epithelium. Difference between the two olfactory 
organs of heleri and Aplocheilus llnectus was 

found to be related to the topography and quantitative 
distribution of epithelia* The nonsensory stratified 
squamous epithelium contains numerous goblet tells end 
surface sells with mitrerldges. The sensory epithelium 
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bear* basal supporting and two types of sensory cells i.e, 
ciliated and microvillus receptor cells. 

Yamamoto and Ueda (1977, 1978a,b,c,d,e,f ) described 
the orders Salmonlf ormes, Glupeif ormes, Cyprinif ormes, 
Gasterosteif ormes , Chann If ormes, Symbranehif ormes , 

Anguillif ormes , Myctophif ormes and adopted scanning micro- 
scopy process in describing ultramicroscopic structures of 
the olfactory epithelium of the representatives of the above 
orders. Their main stress was on the different types of 
c illation and intercellular contents of the cells of the 
olfactory epithelium. They described following types of 
cells on the basis of their surface specialisation, cells 
bearing many long cilia on wide and flat surface (type X 
ciliated cells); those bearing several short cilia which 
project radially from the round cell apex (type II ciliated 
cells); those bearing no cilia but a tuft of numerous 
microvilli (microvillus cells)! those bearing neither cilia 
nor microvilli but protruding as a simple rod from tho 
surf act (rod cells). Their internal structures are reported 
to have similar internal microorganelles. 

On the basis of surface specialisation in the 
olfactory epithelium Yamamoto and Ueda (1978*) reported 
that fish with dense cilia arising from type one ciliated 
cells are believed to have predominantly developed olfactory 
sensitivity such as eels (Schulte, 1972? Yamamoto and Ueda, 
1978©), Salmons (Bertmar, 1972; Yamamoto and node, 1977) and 
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cod (Low# and MacLeod, 1975), Contrary to it fish#* ar# 
having less developed olfactory sensitivity where epithelium 
lacks type one ciliated cells and cilia are dispersed into 
small islet# such as Atheriniformes (Zeiske e£ al. , 1976), 
stickle hacks (Bannister, 1965; Yamamoto and Ueda, 1978d). 

Sharma (1981) reported that the olfactory 
epithelium of lamellae exhibits cellular activities like 
budding, detachment, cellular extrusion, curving and the 
migration of mucous secretory goblet cells in the fishes 
choosen in his research work, 

Singh and Singh (1986) carried out their investi- 
gation on the olfactory organ of four hill stream fishes. 

They reported that the olfactory epithelium is composed of 
ciliated cells, microvillus cells, supporting cells and 
pigment granules. Rod cells were found only in the 
lamellae of Schizothogex richardsonll . Apertures or holes 
and tufts of microvillus cells were also observed in the 
olfactory lamellae of Pontius chilinoldes . 

Kasbiwayanagi et al . (1987) reported the changes 
in membrane potential and membrane fluidity in response to 
various odorants in a suspension of Porcine olfactory mucosa* 

Doroshenko and Motavkln (1987) observed variations 
in number and arrangement of the olfactory rosette folds at 
well as. in olfactory epithelium which they 'named as recent dry 
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and indifferent epithelium. They further pointed out that 
olfactory epithelium interspecifically varies greatly in the 
arrangement of receptor and secretory cells. Doroshenko and 
Motavkin (1987) categorically identified flagellar cells 
which may he olfactory and sensory in nature. Former bears 
large flagellum whereas latter comparatively less prominent 
flagellum with more complex structures. Both these 
investigators worked out secretory cells in the form of 
black ostia which bear multicellular olfactory duct. 



MATERIAL AND METHODS 



MATERIAL AND METHODS 



Large number of Notopterus chi tala of different 
sizes were obtained from Jamni Dam, district Lalitpur, Uttar 
Pradesh, Oxvaaster bacaila and Ompok bimaculatus were 
collected from Pahuj Dam near Simardha village, Nandus nandus 
from diches near Baruasagar Dam, district Jhansi, Uttar 
Pradesh. 

The fishes under Investigation were collected in 
living condition and were kept in Aquaria for experimental 
use. The dead specimens of different sizes were also 
procured from local fish market. 

For the study of cranial components related to 
la crystal and ethmoidal regions, dried skulls were prepared 
by removing scales and skin of the head and then treated 
with 4% KcH for 2-5 days depending upon the thickness of the 
tissue. Subsequently muscles were removed with the help of 
forceps and brushes. The cleaning and bleaching were done 
by using benzene and hydrogen peroxide. The skulls thus 
obtained were kept for drying for a day. The observations 
were made under stereoscopic binocular microscope. Diagrams 
were drawn with the help of Prism Camera Lucida. Alizarine 
transparencies of all specimens were prepared by Hollister** 
technique (1932) to study the cranial architectural pattern 
in relation to olfactory chamber. 



35 


The olfactory and retinal areas were calculated by 
the Teichmann (1954) method. Prior to the separation of 
olfactory lamella , the rosettes were kept in 10 % alcohol, 
which causes stiffness in the lamellae. This allows easy 
detachment of the lamellae without any damage from raphe 
and the floor of the olfactory chamber. First of all the 
rosette was cut into two equal halves through the raphe by 
sharp blade and then lamellae were gradually separated one 
by one from anterior side. Separation of lamellae in 
N, nandus where raphe is absent, was easier than those having 
raphe (i.e, N. ehltala . 0. bimaculatus and bacaila ) . 

The lamellae were mounted temporarily in glycerine 
and their diagrams were sketched at a known magnification. 
Their actual areas were measured by the pianimeter, The 
total area of one half is multiplied by two and thus the 
value of area of one rosette is calculated. But in If, nandus 
the area was not multiplied by two to get the value of 
olfactory area of one rosette due to absence of raphe. 

Same is doubled for getting the value of areas of both the 
rosettes of a fish. For anatomical studies, the fishes of 
different sixes were fixed in 10% formaline and Bouln's 
fluid. Heads were dissected from dorsal side under stereo- 
scopic binocular microscope for the study of olfactory organs 
and their relationship with the brain. 

The area of the eye was measured by pianimeter m 

well as by applying * r 2 formula where *r* is the radius of 
the mve. 
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Ecological coefficient of each species by area 
method were calculated by the following formula: 

Total area of olfactory lamellae (both the rosettes) x 
Total retinal area (both the eyes ) 

Similarly ecological coefficient calculated by 
brain lobe method can be drawn by the following formula: 

Length of telencephalon „ lrin 
Length of mesencephalon 

For histological studies the olfactory rosette 
and accessory sac (wherever present) were taken out from the 
narcotized specimens and were fixed in Bouln’s fluid for 
6-24 hours depending upon the tissues. Transverse and 
horizontal sections were cut at 6-8 pm in thickness and 
stained with Mallory’s aniline blue collagen stain and 
Delaf ield’s haematoxylin and then counters tained with eostn. 

To study the water circulation through the 
olfactory chamber alizarine red solution was injected by 
hypodermic syringe from both anterior and posterior nasal 
openings for demonstrating the ingress and egress of the j 

water. It was observed that the red solution was coming j 

out from posterior nasal opening, establishing unidirectional j 
flow of water (fro® anterior nasal opening to posterior) * j 

t 
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Similar* results were also obtained by injecting Carmine and 
chalk particles when it was repeated on preserved specimens 
in which jaws were mechanically opened and closed. 



OBSERVATIONS 



Fig. 1. Lateral view of the head of N. narsdus . 

Fig. 2. Dissection of the head of N. nandus from 

dorsolateral side to show the rosette insitu. 
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Fig. 3A. Diagram of the lateral view of head of N, nandus 

Fig. 3B. Diagram of the olfactory chamber to show the 
position of anterior and posterior nasal 
openings in N. nandus 

Fig, 3G. Diagrammatic sketch of the olfactory chamber of 
N. nandus to show the position of ethmoidal and 
Tacrymal accessory nasal sacs. Arrows indicating 
the entry and exit of water through nasal 
openings and its course of circulation within 
the olfactory chamber. 

Fig. 3D. A set of 1-10 lamellae from a rosette of N. nandus . 
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Fig. 4. Diagram of the lateral 


view of skull of N. nandus 
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Photograph of the dissection of head of 
N. nandus from dorsal side to show the 
relationship of brain with the rosette. 


CE. 

- 

OLF. BL. 

- 

OLF. iO. 

- 

OLF. N. 

- 

OP. LO. 

- 

RE. 

«* 


Cerebellum 
Olfactory bulb 
Olfactory lobe 
Olfactory nerve 
Optic lobe 
Rosette 




39 


MORPHOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
NANDUS NANDEJS ( HAMILTON) 


The olfactory organs in Nandus nandus are 
comprised of a pair of olfactory chambers (OLF. CHAM.) lying 
dorsally on the snout, anterior to and about at the level 
of the eyes (EY,, Figs. 1, 3A) . Each olfactory chamber 
bears a small circular anterior and an oval posterior nasal 
opening (ANT. NAS. OP., POST. NAS. OP., Figs. 1, 3A, 3B, X). 
The latter is wide and more prominent. The olfactory chamber 
is somewhat quadrangular in shape, floored with the rosette 
(RE.) which is having less pronounced olfactory lamellae 
(LAM. , Figs, 2, 3B, X). The posterior nasal opening is 
placed higher as compared to the anterior. The latter is 
rimmed (RIM.) and nontubular whereas the former having a 
loose fold of integument (INTEG.) , covering half of the 
opening and acts as a valve (Figs. 3A, 3B). The separate 
openings of ethmoidal and iacrymal accessory nasal sacs 
(ETH. ACC. NAS. SAC., LAC. ACC. NAS. SAC., Fig. X) are 
present just below the posterior nasal opening which allow 
the water circulation in both the sacs through olfactory 
chamber (Fig. X). 

In a fish of 142 mm total length, the olfactory 
chamber is situated 5.50 mm away from the tip of the snout 
and 1.287 m from the eye. The anterior and posterior nasal 
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openings in this specimen lie at a distance of 1.111 mm. 

The former is 0.468 mm in diameter while the size of the 
latter is 0.702 mm x 1.170 mm. The size of the olfactory 
chamber, after removing the in tegumental formations, is 
measured 2.925 mm x 2.340 ran. 

The area, surrounding the olfactory chamber is 
provided with numerous chroma tophores . It is occupied by 
a quadrangular olfactory rosette which can easily be 
visualised after removing the surrounding integument 
(Figs. 2, 3B, 3C). The olfactory rosette is devoid of 
raphe and provided with fewer lamellae ranging from 7-10. 

A smaller area of rosette shows thickening which come out 
from one point and spread in its major part. The arrange- 
ment of lamellae presents a rough appearance of lotus 
petals, emerging out from one point and expanding at the 
other. The lamellae (LAM.) in N. nandus are of different 
type which do not have their separate formations but they are 
in the form of thickenings , attached with the floor of 
olfactory chamber. The number of lamellae shows an 
increasing trend with the growth of the fish. The lin^tli- 
form processes are wanting. The lamellae are arranged 
almost parallel to the body axis (Figs. 2, 3B, 33). 

N. nandus possesses a pair of well developed 
accessory nasal sacs, associated with each olfactory 
chamber. The sacs are situated in relation to ethmoid 
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(ETH. ) and laerymal (LAC.) bones (Fig. 4) , consequently, 
they are named as ethmoidal and laerymal accessory nasal 
sacs respectively. The opening of the former (ETH. OP.) 
is visible in the intact fish through the posterior nasal 
opening (Fig, 3C) . It is oval in shape and in a fish of 
142 mm total length its size is 1.170 x 0.819 ran. The 
laerymal accessory nasal sac is long and extends to the 
whole length of laerymal bone. The wall of the sac is 
extremely thin and flexible. The opening of laerymal sac 
is partly visible through the posterior nasal opening. 

It is smaller as compared to the opening of ethmoidal sac. 
The former measures 0.877 x 0.585 mm in a fish of 142 mm 
•total length, 

When the mouth is tightly closed, the opening of 
ethmoidal sac becomes slit like and it remains in its 
maximum expansion. Wien it is opened but the premaxilla 
(PREMAX.) is not extended, this opening remains slit like. 
However, when the premaxilla is protruded out and its 
extremely long ascending process (ASC, PRO. PREMAX., Fig. 4) 
is extended rostrally, the opening of the ethmoidal sac 
becomes stretched and its volume is effected with the 
elevation of ethmoid. During this protrusion, the laerymal 
sac is stretched extremely but narrows in its size causing 
expulsion of water into the olfactory chamber from both the 
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The olfactory chamber is based on palato ethmoid 
complex and protected from the surrounding by nasal, 
la tergal ethmoid, nasal process of palatine and lacrymal 
bones. Dorsally the chamber is roofed by slender nasal 
(NAS.), dorsolaterally by thick skin, posteriorly by 
lateral ethmoid (LETH. ) and ventrally by nasal process of 
palatine (PAL.), anteroventral part of lateral ethmoid and 
lacrymal (LAC.) bones (Fig. 4). 

Careful removal of the long ascending process of 
the premaxilla, nasal, frontal (FRQN.) and the muscles 
from the dorsal side, expose the olfactory nerve and the 
brain. The olfactory bulbs (OLF. BL.) are small and 
attached to the forebrain. Therefore, they are sessile 
type. The olfactory lobes are larger and closely attached 
with the bulbs. Behind the telecephalon lies the 
mesencephalon (OP. LO. ) which mainly consists of large optic 
lobes (OP. LO,, Fig. 5). 

Ecological coefficient! 

The ecological coefficient in N. nandus, measuring 
from 115 to 176 mm total length, was calculated by two 
methods j (i) by taking the length of mesencephalon and 
telencephalon as parameter and (ii) by measuring the areas 
of two retina# and both the rosettes. By comparing the 
former with that of latter, the effectiveness of optic and 
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olfactory faculties can approximately be assessed. The 
length of mesencephalon and telencephalon varies from 2.936 
to 3.510 mm and 2.053 to 2.340 mm respectively, showing the 
ecological coefficient range from 65.847 to 69.925 per cent 
(Table 1). 

From the area point of view, both the rosette 

varies from 39.934 to 70,113 mm whereas those of two retinae 

2 

ranges from 54.834 to 90.832 mm. Ecological coefficient 
ranges from 72,827 to 80.206 per cent (Table 1). The 
results thus obtained show that N. nandus is a microsraatic 
fish because it possesses tremendously developed optic 
faculty as compared to that of olfactory which is very much 
regressed. This suits to its highly predaceous habit, 
preying on fishes half of its size. In this action N. nandus 
visually target the fish and capture the same as its prey. 

The route of water circulation through the olfactory 
chamber of N. nandus j 

The fish exhibits a characteristic of continuous 
protruding and retracting its jaw apparatus during normal 
swimming and feeding conditions. The above action, in 
addition to forward movement of fish, causes the entry of 
water through anterior nasal opening. The water circulates 
in the olfactory chamber freely as its major part is 
lamellaeless and whatever the lamellae present, are the 
simple thickenings of the floor of olfactory chamber 
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(Figs. 3B, 3C) . It is connected with the ethmoidal and 
lacrymal accessory nasal sacs (ETH. ACC. NAS. SAC. , LAC. 
ACC. NAS. SAC. ) by well defined openings . Immediately 
after reaching into the olfactory chamber through anterior 
nasal opening » water takes its route to both the accessory 
nasal sacs through their separate openings. When the mouth 
is closed, jaws are retracted causing the reduction In the 
volume of accessory nasal sacs and olfactory chamber (Fig. 
3C) . This leads to the expulsion of water from posterior 
nasal opening. The valved condition of posterior nasal 
opening demonstrates unidirectional flow of water from 
anterior to posterior nasal opening (Figs. 3A, 3B, X). 






Fig. 6. Horizontal section of the rosette of N. nandus 
showing parallel arrangement of lamellae with 
ethmoidal accessory nasal sac. Magnification x SO. 

Fig. 7. Transverse section of the rosette of N. nandus 

showing differentiation of the lamellae as Initial, 
middle and hinder ones. Lacrymal accessory nasal 
sac associated with rosette is visible. 
Magnification X 50 
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Fig. 8 


. Transverse section of the rosette of N. nandus 
passing through a set of initial and middle 
lamellae. Microformation in the form of vacuole 
is visible in the middle one. Magnification X 50. 

Fig. 9. Transverse section of the rosette of N. nandus 

passing through a set of middle lamella e with an 
outgrowth of minor lamella from the floor of 
olfactory epithelium in the interlamellar space. 
Magnification X 100. 
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Fig. 10. 

Transverse section of the rosette of N. nandus 
passing through a set of hinder lamellae, 
exhibiting enormous enlargement of submucosa 
with scattered connective tissue and spacious 
areolae. Magnification X 100. 

Fig. 11. 

Transverse section of the initial lamella of 

N. nandus showing rod shaped receptor cells 
with their dendrites are marked with dots, 
arrows and simple line. Magnification X 400. 
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HISTOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
NANDUS MANPJS (HAMILTON) 


The olfactory rosette (RE.) of Nandus nandus is 
quadrangular in shape which bears lamellae (LAM.) in the 
form of thickenings, coming out from the olfactory 
epithelium (OLF. EPI ■; ) . The rosette is devoid of raphe 
and its endings are free from the lamellar thickenings. 

The arrangement of olfactory lamellae in the central part 
of the rosette gives a rough impression of petals of 
lotus (Figs. 2, 3B, 3C, 6). All the lamellae are attached 
with the floor of olfactory epithelium with their ventral 
and remain projected in the olfactory chamber through 
their dorsal surfaces. The lamellae are separated from 
each other by well defined interlamellar spaces (INT, LAM. 
SP.) whereas their distal (DE. LAM. ) and proximal ends 
(PRO. LAM.) remain attached with the rosette (Fig. 6). 

The lamellae are constituted of central core or submucosa j 
(SMSA.), lined on both the sides by cellular components 
of mucosa (MSA.) . The mucosa is mainly constituted of I 
ciliated columnar epithelium and abundantly supplied with 
basal cells (BC,). The basement membrane (BM. ) stands a* 
partition in between submucosa and mucosa (Figs, 6, 7, 8, 

11, 12, 21, 22). The mucosa Jjzone exhibits great variation I 
in its thickening in all the lamellae and possess some 
peculiar microformations (MICRO.) which are due to the flow 
of basal cells in different patterns (Figs* 8, 12, 15, 14,29 
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This flow (Figs. 18, 19, 20) causes the displacement of 
other cellular components and subsequently* leads in the 
formation of cuneiform (CUN.) , filiform (FIL.) and 
fungiform (FUNG.) mucosal surface which is supposed to 
increase the olfactory area. With the result of these 
formations, there appears depressions (DPR.) and elevations 
(ELE. ) of different sizes which may take the shape of flask 
(FL.) , funnel (FN.) , vacuole (VAC.), minor and hillock 
elevations (MIN. ELE., HIL. , ELE. , Figs. 19, 20, 25, 26, 

27, 28, 29, 30, 31, 32). 

The grouping of basal cells (GR. BC., Figs. 8, 12, 
14, 20, 25, 30) and their migration (Figs, 18, 19, 20, 32) 
in different patterns in the surface of lamella cause the 
formation of 'olfactory buds' (OLF. BUD) of different 
shapes, sunken in the lamellar surface (Figs. 25, 27, 28, 

29 , 30 , 31, 32) . Such formations are richly supplied with 
receptor cells, projecting their dendrites towards the 
interlamellar spaces which may further bear cilia. The 
minor lamellae are (MIN, LAM., Figs. 9, 13, 14) also 
observed but they are present in the interlamellar spaces 
of middle lamellae, formed of only mucosal cellular 
components. The microformations are richly visible In the 
middle and hinder lamellae whereas initial ones do not 
exhibit such feature. It is commonly observed that the 
lamellae are subjected to the activity of basal cells which 
may push the mucosa in the form of a bulging (Figs* 18, 19, 
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20) at any place and giving the shape of transtionary 
epithelium (T. EPl. , Figs. 16, 18, 23, 26) which may 
proceed in the direction of raicrof orma tions . The 
olfactory epithelium also discharges or extrudes its 
cells (EXT. C.) in groups or in solitory condition which 
can be observed in the interlamellar spaces (Figs. 18, 20, 
24, 25, 26, 28). The broadening of submucosa is very 
prominent in the hinder lamellae (HIN. LAM.) and it 
widens at the expense of mucosa, causing the reduction 
of latter to a thin zone (Figs. 10, 15, 16). From the 
submucosal point of view, the lamellae can be divided into 
three categories: (i) initial lamellae, (ii) middle 
lamellae and (iii) hinder lamellae. 

The initial lamellae are well composed having their 
terminal ends pointed whereas narrow at the base with their 
broader middle part. These lamellae are provided with well 
built mucosa, made up of columnar ciliated supporting cells 
(Cl. SG.) and compactly built submucosa (Figs. 7, 11, 12, 

21 , 22 ). 

The middle lamellae (MID. LAM.) are comparatively 
broader having widening in the submucosa but not at the 
expense of mucosal zone which remains well formed and shows 
scattered fibroblasts (FBC. ) „ histiocytes (HIS.) and dense 
matrix entangled with connective tissue fibres (CON. II. 
FIB., Figs., 6, 7, 9, 13, 13). 




The hinder lamellae (HIN. LAM.) are provided with 
enormously developed submucosa which causes the reduction 
in the thickening of mucosal zone. With the result of 
widening of submucosa, areolae (ARE.) appear due to the 
rare distribution of connective tissue fibres and other 
cells in this zone. The basement membrane is pushed to the 
periphery. These are old and worn out lamellae which have 
attained full size (Figs, 6, 7, 10, 15, 16). 

The cellular components in N. nandus may be 
identified as supporting cells (SC.), receptor ceils (RC. ) 
goblet cells (OC.) and basal cells ( BC . ) . The submucosa 
is supplied with connective tissue fibres, fibroblasts 
(FBC, ) , histiocytes (HIS.) basal (BC.) and pigment cells 
(PIG.). 

The supporting cells: 

The supporting cells of N. nandus are subjected 
to great variation because of the enormous production of 
basal cells and their subsequent migration in different 
patterns showing changes in mucosal region . 

The supporting cells art ciliated (Cl. SC.) and 
present in well composed initial lamellae. In the middle 
and proximal parts, these cells are having elongated body 
with oval nucleus (HU, Cl. SC.) which bears one or two 
nucleolus. The chromatin material is visible and dlstri- 




49 


buted in karyoplasm. The outer or distal limbs (DE. Cl. 

SC.) are elongated, extending upto the peripheral surface 
of the lamellae which bear cilia (Cl. ) . The cilia of 
supporting cells are considerably long, projected in 
interlamellar spaces and showing a trend of directional 
movement, depending upon the pressure of water, coming out 
from both the accessory nasal sacs. The outer or distal 
limb of the supporting cell contains homogenous and 
eosinophilic cytoplasm* The inner or proximal limb is 
inconspicuous and difficult to trace among the other 
cellular components, lying beneath these cells (Figs. 11, 

12 , 21 , 22 ), 

With the result of great variation in mucosal 
surface, the supporting cells are affected and exhibit 
variation in their shape and occurrence . The mucosa may 
be affected either by enormous broadening of submucosal 
zone or by the movement of basal cells. In the former case, 
the supporting cell becomes oval and short with almost 
oval nucleus and invisible chromatin material. These 
cells become inconspicuously ciliated and bear short outer 
or distal limb (Figs, 13, 14, 15, 16). In the zone of 
microformations where tremendous migration of basal cells 
is observed, the supporting cells cannot be clearly 
identified from migratory basal cells and receptor cells 
(Figs. 20, 25, 27, 28, 29, 30, 31, 32). Such zones which 
may be either in the form of elevations ©r depressions, the 



r ig. 12. Transverse section of the initial lamella of 
N, nartdus showing the presence of rod shaped 
receptor" cells and olfactory cilia. Connective 
tissue is well defined in the submucosa. 
Dendrites of rod shaped receptor cells are 
marked by arrow heads. Magnification X 400. 

ig. 13. Longitudinal section of the middle lamella of 
N. nandus passing through the minor one, 
exhibiting thick concentration of basal cells. 
Magnif ication X 400. 
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14. Longitudinal section of the middle lamella of 
N. nandus exhibiting the composition of mucosa 
and submucosa with specific markings on 
receptor and goblet cells. Magnification X 400. 

15. Transverse section of the hinder lamella of 
N. nandus. showing enormous enlargement of 
submucosa at the expense of mucosa with blood 
capillary, areolae and connective tissue. 
Magnification X 400. 
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Longitudinal section of the middle lamella of 
N. nandus exhibiting the composition of mucosa 
and submucosa with specific markings on 
receptor and goblet cells. Magnification X 400. 

Transverse section of the hinder lamella of 
N. nandus. showing enormous enlargement of 
submucosa at the expense of mucosa with blood 
capillary, areolae and connective tissue. 
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Fig. 16. 


Transverse section of the hinder lamella of 
nandus showing excessive enlargement of 
submucosa with scattered connective tissue. 

Mucosa is reduced to a thin layer, revealing 
the presence primary neurones, goblet and 
supporting cells. Magnification X 400. 

Fig. 17. Transverse section of the rosette of N. nandus 
passing through the emergence of lamellae, 
demonstrating the blood sinus, connective tissue 
and branched pigment cells. Magnification X 400. 
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Fig. 18, Transverse section of the middle lamella of 

N. nandus demonstrating transitionary epithelium 
and submucosa wherein basal cells are seen 
migrating to give rise microf ormations of 
different pattern. Magnification X 400. 

Fig. 19. Transverse section of the lamella of N. nandus 
where basal cells are accumulated, pushing the 
mucosa in the form of a dom shaped elevation, 
the elevation is alternated on either sides by 
depressions. Enormously enlarged submucosa with 
scattered connective tissue is also visible. 
Magnification X 400. 
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FIG. 18 






supporting cells are of the size of basal cells or may be 
in the formative stage, leading to microformations of 
different patterns. The indifferent epithelium {Figs. 18, 

19 * 20, 25), where basal cells migrate in different 
patterns, is supposed as the transitionary phase and 
receptor cells can only be identified because of clear 
dendrites and axons, extending in their respective 
direction in the mucosal zone (Figs, 23, 24, 28, 29, 32). 

The receptor cells: 

The receptor cells are observed throughout the 
epithelium of N. nandus irrespective of their restriction 
in any particular region of the lamella. But however, 
they are concentrated in the mucosal deepenings in the 
form of flask, funnel, vacuole and tubule which are called 
olfactory crypts (CRY. ) formed for the purpose of increasing 
the olfactory surface. Such deepenings are alternated by- 
elevations in the shape of cuneiform, filiform, fungiform, 
minor and hillock elevations which are supposed as purely 
supporting zones and devoid of receptor concentration (Figs,, 
24, 26 , 27, 28 , 29 , 30, 31, 32), The receptor cells in ; 
*£• nandus can be identified as primary neurones (PN, , Figs, ! 
24, 26, 28, 29, 30, 32), spindle (SR. Figs. 14, 23, 24) and; 
rod shaped receptors (RR., Figs. 11, 12, 2i, 22). 

The primary neurones (PN.) are confined in the 
crypts of different patterns (Figs, 24, 26, 27, 28, 32) and 
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rarely observed In the mucosa of middle and hinder 
lamellae (Figs. 13, 14, 16) but not present in initial 
ones which are having well composed mucosal zone. They 
bear rounded nucleus and send fibrilar dendrites (DN. PN,) 
to the peripheral surface. The dendrite is darkly stained 
and bears some form of cilia on its terminal end which 
project in the opening of different patterns. These 
receptor cells are situated away from the basement 
membrane roughly in the middle of mucosa or sometimes 
situated terminally in the mucosal zone. With the result 
of migration of basal cells, the primary neurones are pushed 
at different levels in the uniform or ununiform mucosa but 
the identity of dendritic extension is clearly visible 
because it acquires a dark stain (Figs. 24, 28, 29, 32). 

The trace of axon is visible but not as clearly as that of 
dendrite because in the lower region cellular components 
are compactly packed. The terminal tip of the dendrite is 
visible in the form of dark stained spot, the receptor 
vesicle, bearing olfactory villi or olfactory cilia (Figs* 

24 , 28 , 29 , 30 , 32 ). 

The rod shaped receptor cells (RR.) are common 

in occurrence in the well composed mucosa of all the lamellae: 
except in the zones where olfactory epithelium is activated \ 
to give rise deepening s and elevations ©f different 
patterns. They are present almost in the middle lower | 

zone of mucosa and possess oval, darkly stained nucleus 





with conspicuous dendritic extensions (DN. RR.) towards the 
interlameliar spaces. The terminal tips of dendrites bear 
some form of cilia, projected in the interlameliar spaces. 
These receptor cells bear darkly stained nuclei. The 
axonal extension (AX. RR.) of these rod shaped receptor 
cells can be clearly traced out. These receptors are 
present almost at the level below the zone of supporting 
cells, thereby having less elongated axons which sometimes 
give the appearance as the rod shaped receptors are directly 
coming out from folium olfactorium (FI . OLF. , Figs. 11, 12, 
21 , 22 ). 

The spindle shaped receptor cells (SR.) are rate 
in occurrence in the mucosa of N, nandus . however, present 
in the zones of transitionary mucosa or sometimes in the 
thin mucosa of hinder and middle lamellae (Figs. 14, 23, 24) . 
They are not observed in the initial lamellae where mucosa 
is well composed. They are shorter as compared to rod shaped 
receptor cells but larger than the primary neurones. They 
may foe seen at any level of mucosa, having somewhat oval j 
nucleus with clearly visible chromatin material. They can 
be rarely observed in different patterns of deepening* [ 

among primary neurones and migratory basal cells (Fig. 24), 

The primary neurones (PN,) are present in the 
olfactory crypts (CRY. ) in large number with their dendrites 
projected in the lumen of different forms of deepening#, 


taking the shape of olfactory bud which can be commonly 
observed in the lamellae of N. nandus {Figs. 24, 25* 26, 
27, 28, 29, 32). The rod and spindle shaped receptor 
cells are distributed in the mucosa in a solitory manner 
among the supporting cells. Such ununiform accumulation 
of receptor cells gives an impression that different 
patterns of deepening* are the major spots of olfactory 
reception whereas the general surface responds for 
olfactory reception occasionally. 

The synaptic contact between any two receptor 
cells has not been observed anywhere in the olfactory 
epithelium of N. nandus and independent identity of each 
type of receptor cell is maintained in both solitary and 
aggregatory arrangement. The axons of all the receptor 
cells extend proximally and join folium olfactorium (FI. 
OLF. , Figs. 21, 23) along the basement membrane. 

The goblet cells t 

The goblet cells (GC. ) are rare in occurrence 
and occasionally observed in different zones of mucosal 
layer. They can be rarely seen at any level of mucosa 
(Figs. 11, 13, 14, 16, 19) and originate from the basal 
zone due to muciferous activity of basal cells. The 
mucous cells are richly supplied in the epithelium of 
accessory nasal sacs (Figs. 33, 34, 35). Because of the 
rare occurrence of goblet cells, very little nuciferous 



Fig. 20. Transverse section of the lamella of N. nandus . 
showing irregular mucosal surface witfT 
depressions, hillock elevations and extruded 
cells in the interlaraellar space. Magnifi- 
cation X 400 . 

Fig. 21. Transverse section of the initial lamella of 
N. nandus. showing its cellular components in 
liigh magnif i cation . Nucleus, dendrite and axon 
of rod shaped receptor cells with ciliated 
supporting cells are demonstrated in the 
section. Arrows indicating the pathways of 
dendrites. Magnification X 1000. 
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Fig. 22. Transverse section of the initial lamella of 

N. nandus demonstrating cellular structures of 
rod shaped receptors, ciliated supporting cells, 
basal cells, olfactory cilia and cilia. 
Magnification X 1000. 


Fig. 23. Transverse section of the middle lamella of N. nandus 
showing the movement of basal cells. Foliuni — ■ 

olfactorium is clearly visible. Magnification 
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ig, 24, Transverse section of the hinder lamella of 
N. nandus showing the crypt, sunken in the 
submucosa with the concentration of primary 
neurones whose dendrites with olfactory cilia 
are projecting in the crypt. Magnification 
X 1000. 

25. longitudinal section passing through a single 
lamella of N. nandus exhibiting over activity 
of basal ceTls, with the result microformations 
of different patterns are visible. Magnifi- 
cation X 200 . 
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Fig, 26. longitudinal section of the distal end of 

amelia of n. nandus where migration of basal 
§U$ causes the formation of vacuole like crypt, 
sunken in the submucosa which is also seen 
Jiturcated in this section. Arrows demonstrating 
we migration of basal cells and bifurcation of 
submucosa. Magnification X 400. 


Fig, 27. Transverse section of the middle lamella of 
Q^ndus showing the initiation of funnel 
snapeg crypt formation, sunken within the mucosa 
var mi 9ration of basal cells. Initiation of 
Like crypt formation is also visible. 

Magnification X 400. 
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activity is observed in the olfactory rosette of N. nandus . 
The observation of goblet cells, at different levels in the 
mucosa from basal to supporting zone, demonstrates that 
muciferous basal cells are created in the basal zone which 
migrate upto the peripheral region for the discharge of 
their mucous into the interlamellar spaces. The goblet 
cells possess rounded (Fig. 19) to elongated (Fig. 11) body. 
They gradually grow in size and exhibit muciferous activity 
as they come to peripheral surface where the terminal tips 
of theca (TH. GC. f Fig. II) of goblet cells project in the 
interlamellar spaces for the easy discharge of the mucous. 

The goblet cell bears round to elongated theca with 
triangular nucleus (NU. GC.) which can be deeply stained 
with haematoxylin and shows its inconspicuous stalk upto 
the basement membrane. The chromatin material and 
nucleolus is not visible. Though the muciferous activity 
is very restricted in N, nandus because of rare occurrence 
of goblet cells, however, deposition of mucous in the 
histological sections (Figs. 20, 26, 30) In present investi- 
gation has been observed on the peripheral surface of the 
iaisellae , 

The basal cells} 

The basal cells (BC) can be distinguished in a 
number ef fetus, lying regularly (Figs. 11* 12, 13, 14) et 
irregularly (Figs, 16, 18, 19, 20, 24, 26) above the basement 



membrane and contributing a major part of the mucosa. 

Each basal cell is provided with a darkly stained oval 
mucleus (NU. BC.) with centrally placed nucleolus and 
uniformly distributed chromatin material. The basal cells 
can be seen both in mucosa and submucosa (Figs. 16, 18, 19, 
23) which can be identified by their rounded shape and 
darkly stained nuclei. In some zones of mucosa the basal 
cells exhibit a tremendous tendency of migration (Figs. 18, 
19 , 20, 23, 25 , 27 , 28 , 29 , 30 , 31) leading to different 
patterns of elevations and deepening s. Both these shapes 
are accumulated result of the large production of basal 
cells due to cell division and their subsequent flow in 
any direction, resulting unmanageable aggregation of 
mucosa which can be named as indifferent or transitionary 
mucosa. Such transitionary or indifferent mucosa becomes 
regularised in its form after taking the shape of 
deepening* and elevations. The former may be in the form 
of flask (Ft.), vacuole (VAC.), funnel (FN.) , tubule (TUB.) 
etc. whereas the latter alternate the deepening! in the 
shape of cuneiform (CUN.), filiform (Fit.) , fungiform 
(FUNG.) and in the form of minor and major elevations 
(ELE., Figs. 25 , 26 , 27 , 28 , 29 , 30 , 31, 32). In such 
places submucosa becomes more activated and plays its role 
In supplying nutritional contents through blood circulation 
s© as to nourish the large production of basal cells and 
their lien properly. The purpose of increase of olfactory 




surface in different patterns may be served successfully 
for the proper discharge of olfactory and other functions 
related to olfactory epithelium. 

The flow of basal cells occurs in well fed 
lamella and as soon as the flow is started or prior to 
the initiation of flow, the mucosal surface acquires the 
form of transitionary epithelium (Figs. 18, 19, 20, 23) 
which in due course of time converted into formations 
described earlier. It is rarely observed that minor 
lamella (Figs. 9. 13, 14) is also a result of the flow of 
basal cells from the olfactory epithelium which is devoid 
of central core or submucosa. The minor lamella is 
compactly formed and it is the out pushing of mucosal 
zone. During the course of flow of basal cells and the 
formation of deepenings and elevations, the basal cells 
are extruded (EXT. C.) out in the interlamellar spaces 
(Figs. 18, 20, 25, 28, 31) which may be washed away with 

circulatory water current. 

The central core or submueosa s 

The central core or submueosa is greatly varied 
in it. composition and widening in different lamella, o, 

N. (Figs. 10, 11, 14. 16, 18, 26 , 32). The sub-.CS. 

doe. not extend in microforms tions and elevations because 
these are solely mad. up of mucosal cellular components 



(Figs* 20, 24, 26, 27, 28, 30, 31, 32). The matrix of 
submucosa is formed by connective tissue fibres with dense 
supply of fibroblasts (FBC. ) , histiocytes (HIS.) and basal 
cells (BC.). The pigment cells (PIG.) are concentrated in 
the olfactory rosette at the point of emergence of 
olfactory lamella and the surrounding of blood sinuses 
(BL. SI., Figs. 15, 17). The nonmedulla ted nerve fibres 
(NMN. FIB. ) run below the basement membrane which join 
medullated nerve fibre (MM. FIB.) bundles at the point of 
emergence of lamella in the olfactory rosette. Branched 
fibroblasts and shapeless histiocytes are common in 
occurrence in the submucosa (Figs. 14, 16, 18, 19, 23, 30) . 
In the initial lamellae, the submucosa is supplied with 
connective tissue fibres, having properly distributed 
fibroblasts, histiocytes and basal cells. As we proceed 
to hinder region of the rosette, the submucosa grows 
abnormally, pushing the mucosa to a thin layer (Figs. 15, 
16). In such cases connective tissue fibres become irre- 
gularly distributed having a rich supply of fibroblasts, 
histiocytes and basal cells. Areolae are present in 
broadest submucosa (Figs. 10, 16). The blood capillaries 
(BCP.) and nonmedulla ted nerve fibre bundles (Figs. II, 14, 
21, 23) are observed in the submucosa of all the lamellae. 
The connective tissue fibres provide support to the lamellae 
Specific turger formation, for strengthening the lamellae, 
is not observed. : 


Fig- 28. 


Fig.. 29. 


_l £ +Ka lamella of N. nandus 

Transverse section ot . x " e a r5 *ff an — 

av hihi t ina olfactory bud and funnel snapeu 

sunken within the mucosa as a result of 
Saration^f basal cells . Arrows demonstrating 
J:fr{ n ! of basal cells. Cuneiform elevation of 
the flow o . £ cells are also seen in 

mucosa and extrusion oiceiib ax «« 

the section. Magnification X 400 
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Fig. 30. Transverse section of the lamella of N. nandus 
showing fungiform elevation and tube like 
deepenings. Arrows demonstrating the flow of 
basal cells in fungiform elevation. 
Magnification X 400. 


Fig. 31. Transverse section of the lamella of N. nandus 
exhibiting cuneiform elevation with tube Tike ' 
deepening. Concentration of primary neurones 
in the form of olfactory bud is also visible. 
Magnification X 400. 
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Fig. 32. 


T s, of distal end of the lamella of N. na^dys 
showing the vacuole like crypt formation IrTthe 
submucosa . Bifurcation of submucosa is also 
clearly visible due to this specific forma tio . 
Magnification X 400. 


f?4n 33 Horizontal section of the ethmoidal accessory 
Fig. 33. 63C of ^ nandus. Magnification X 100. 
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Fig. 34. 
Fig. 35. 


Cross section 
of N. nandus. 


of ethmoidal accessory nasal 
Magnification X 400. 


$3C 


Cross section 
of N. nandus. 


of lacrymal accessory nasal sac 
Magnification X 400. 
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The accessory nasal sacs : 


The ethmoidal and lacrytnal accessory sacs of 
N. nandus are made up of nonciliated cuboidal epithelium. 

The epithelial lining of the sacs is wavy and shows 
elevations and depressions. It is constituted of cuboidal 
supporting cells (NCI. SC.) rounded goblet cells (GC. ) and 
basal cells (BC., Figs. 33, 34, 35). 

The cuboidal cells are situated in the periphery 
with darkly stained oval nuclei. They can be seen in two 
or three rows in elevated regions of the epithelium. The 
goblet cells are rounded, neckless and found embedded in 
the peripheral epithelial surface (Figs, 34, 35). They 
can also be observed with empty theca after discharging their 
mucous. The goblet cells may also be present in two or 
three rows in the regions of elevations. The basal cells 
are lying in three or four rows just above the basement 
membrane. In elevations, the basal cells are accumulated 
in large number, showing their migratory tendency towards 
the periphery. 

The wavy basement membrane (BM.) lies just below 
the basal cells. The connective tissue fibres are loosely 
arranged in the submucosa. The fibroblasts (FBC.) and basal 
cells (BC.) are intermingled with connective tissue fibres. 
The blood capillaries are also present in the submucosa of 
accessory nasal sacs (Figs. 33 , 34, 35), 


The number of sac layers varies with the 
distension of accessory sac. In a normal condition , the 
cuboidal epithelial and basal cells are accumulated in 
seven to eight layers. The connective tissue fibres and 
basement membrane are wavy, however, in a distended 
condition the accessory sac consists of 2-3 layers of 

basal cells and the basement membrane and connective 

* 

tissue fibres are stretched. Both the ethmoidal and 
lacrymal accessory nasal sacs exhibit similar histological 
picture in the present investigation. 



Fig. 36. Lateral view of the head of 
O. bimaculatus , 
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FIG. 37. 


Fig. 38A. Diagram of the dorsal view of the head of 
0. bimacula tus . 

Fig. 38B. Magnified sketch of anterior and posterior 
nasal openings with maxillary barbel of 
0,. bimacula tus . 

Fig. 38C, Diagrammatic sketch of the rosette of 
0. bimaculatus to show the arrangement 
of lamellae - 


Fig. 38D. Diagrammatic sketch of the rosette of 

O. bimaculatus to demonstrate the circulation 
of water. Arrows indicating the entry and 
exit of water through nasal openings and its 
course of circulation within the olfactory 
chamber. 

Fig. 38E. A set of 1-32 lamellae from one half of the 
rosette of 0. bimaculatus 
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Fig. 39. Diagram of the skull of C. bimacula tus 
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Fig. 40. Diagram of the dissection of head of 

0 . blmaculatus from dorsal side to show 
the relationship of brain with the 
rosette. 
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MORPHOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
OMPOK BIMACULATUS (BLOCH) 


fiff 


Offlpok bimaculatus bears a pair of olfactory 
chambers, situated on the dorsal surface of the head, 
extending from the maxilla to eye orbits. Each chamber 
is communicated outside by a pair of nasal openings named 
as anterior (ANT. NAS. OP.) and posterior nasal (POST. NAS. 
OP,} openings with regards to their respective positions. 

Both the openings demarcate two extremities of the 
olfactory chamber (Figs. 36 , 38 A, 38B). The anterior nasal 
opening is tubular (ANT. MAS. TUBE) , projected outwardly 
and forwardly over the lip while the posterior is flushed 
with the surface of the skin of head. The latter is 
situated on an irregular area of integument ( INTEG. ) and 
remains covered by a loose valvular flap (VAL. FLAP) , 
permitting the exit of water current from the olfactory 
chamber. The anterior nasal opening is oval in shape, lies 
on the underside of the tube, giving an appearance of the 
terminal end of the tusk, favouring the unidirectional entry 
of water during forward movement of the fish (Figs. 3SB, 38D) . 
This opening is situated exactly at the level of maxillary 
barbel (MAX* BAR.) which is emerging from the base of the 
tube. The movement of maxillary barbel affects the speed ©f 
entry of water current through the nasal tube and to some 
extent the variation in the volume of the olfactory chamber. 
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In a fi*h of 273 mm total length, the anterior 
and posterior nasal openings lie at a distance of 5.148 on. , 

The anterior nasal tube is 0.760 mm in length. The size ! 

of anterior and posterior nasal openings is 0.361 * 0.234 »» 
and 1.755 x 0.351 mm respectively. The latter is 1.228 on 
wide after removing its valvular flap. 

Each olfactory rosette (RE.) completely occupies 
whole of the area of olfactory chamber (OLF. CHAM.) and Is 
elongated in shape, having ventrai convex and dorsal 
concave surfaces. It Is enteroposterlorly divided into 
two halves by a leaf shaped and long raphe (HPH. ) «hich 1. 
broad in the middle and tapers sharply to posteriorward 
(Figs. 38C. 38D). The rosette is uniform on its both the 
ends however, posterior on. is slightly narrow a. compared 
to anterior. The lamella, on posterior region are elevated 
towards the posterior nasal opening. The raphe emerge, out 
as a median thickening of the olfactory chamber and bears 
large number of lamella. (LAM.) on its either sides in a | 

regular fashion (Figs. 37, 38C, 38D). ! 

The lamella, are more or less flattened emerging j 

out from the floor of olfactory chamber and remain attached 

lt by ventral surfaces leaving the dorsal free. They *» j 
attached by their proximal end. with the raphe and fre. 
distally. Thu* like prominent Ungulf orm proc.a... (LIH8.) 
ar . present distally on the dorsal surface of the lemeUae. 
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The linguiform processes of all the lamellae are seen in 


a definite succession, building a partition in each half 
of the olfactory chamber, dividing it into central (CEH, 
CH.) and peripheral (PER. CH.) channels. The anteriormost 


lamella in the rosette of 0. bimaculatus is smallest and 


well set whereas posterior ones are comparatively enlarged 
and attached with the raphe obliquely, projecting upto 
posterior nasal opening . The middle ones are largest and 
attached with the raphe in an elevated manner from the 


surface of the olfactory chamber. The lamellae of the 
anterior tide are smaller than those of the posterior, 


suggesting that the new lamellae are added towards the 


anterior side of the rosette. The number of lamellae 


shows an increasing trend with the size of the fish (Figs. 
37, 38C, 38D). 


The accessary nasal sacs are absent in 




1 


0. bimaculatus but a regular zone of lamellaeless area is 
present all around the rosette. This area is supposed as 
an extension of the olfactory chamber and constructs an 
extraperipheral channel for the circulation of water. 

This may be treated as a compensatory dev let in the absence 
of accessory nasal sacs which keeps the water current more 
effectively circulating through the olfactory chamber and 
providing sufficient time for bathing the sensitive area 
in view of the reception of sensation from water. 



D J 

The olfactory chamber with its rosette is lodged 

in a fossa formed in the ethmoidal region of the skull and 

Is surrounded with the bony components and fibrous 

connective tissue. The lacrymal (LAC.) is a small triangular 

bone and extends anteriorly and posteriorly by two spiny 

processes. It covers practically the entire outer margin 

of the olfactory chamber from the dorsal side. The median 

margin of the olfactory chamber is bounded dorsal ly by a 

narrow and tubular nasal bone (NAS.) situated on the lateral 
of 

margin ^ethmoid (ETH.) and over the lateral ethmoid (LETH.) . 



The deeply concave anterior face of the main body of the 
lateral ethmoid serves to accommodate the hinder part of 
the olfactory rosette. The anterior part of the olfactory 
chamber is supported ventrally by the anterolateral process 
of the ethmoid and a portion of preraaxilla {PREMAX. ) , 
extending between the ethmoid and maxilla (MAX.) . The 
anterior surface of the olfactory chamber as well as the 
middle surface of its anterior part are bound by the 
anterolateral process of the ethmoid. The outer surface of 
the anterior part of the chamber is bounded by a rod like 
maxilla and small irregular palatine (PAL., Fig. 39). 


The main body *f the lateral ethmoid is scooped 
out medially to receive the globular olfactory bulb (OUT. 
1L.) which lies along the hinder middle surface of the 
olfactory resotte. The olfactory bulb receive* the handle* 






rosette. The paired olfactory tracts are narrow and much 
elongated. Each tract arises from the olfactory bulb and 
runs backward through the frontal region of the skull (Fig. 40) . 

After removing the ethmoid, lateral ethmoid and 
frontal (FRON.) from the dorsal side of the head, the brain 
and its relation to the olfactory rosette become clearly 
exposed. The olf actory bulbs are situated close to the 
posteroventral surface of the rosette and receive nerve 
fibres from each lamella. The olfactory bulbs are 
anteriorly broad and become narrow posteriorly which are 
joined with telencephalon (OLF. LO.) by thick olfactory 
tract (OLF. TR. ), The mesencephalon (OP. LO.) is slightly 
better developed as compared to the telencephalon . The 
size of the brain and its lobes is found increasing 
successively with respect to the increasing size of the 
fish (Table 2, Fig. 40). 

Ecological coefficient* 

The usual methods are adopted for the calculation 
of ecological coefficient in the fishes varying from 168 wm 
to 273 mm total length. The length of brain and number of 
lamellae undergo considerable increase with respect to tho 
size of the fish. In the present investigation, the brain 
of fish varies from 9*652 to 13.572 mm with the result 
mesencephalon ranges from 2.398 to 3,159 mm whereas the 
telencephalon from 2,106 to 2.632 mm (Table 2). 





Table 2. Ecological coefficient of QmPQ.k bimaculatus 


I Length of Length of » Ecological J 

J mesence- telenet- { coefficient , 

\ phalon \ phalon * (Through lobes j 

| | |. hX^aln ) f 

J (mm) j (mm) » Length of f 

I | J telencephalon x 100 I 

5 j i Length of » 

I 1 I mesencephalon I 


I Total 
J length 
t of 
| brain 

I (ran) 


'Total * Number of 
| length j laraellae 

} j Rosette 

I (mm) \ Right Left 


Average 







The area of both the retinae and that of two 
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rosettes are calculated by the method suggested by 
Teichmann (1954) and further modified by Rahmanl and Khan 
(1981). It is found that former ranges from 30.221 to 
77.419 mm 2 and that of latter from 167.951 to 486.822 mo 2 . 


By calculating the ecological coefficient fro® 
brain lobe method it stands 84.263 per cent as an average 
of all the findings. Similarly the ecological coefficient 
calculated by area method ranges from 555,742 to 759.894 
per cent and 641.027 per cent as an average (Table 2). 


The above observations Indicate that 0, bimaculatus 
possesses considerably developed olfactory faculty lncliriing 
towards the macro sma tic characteristic. The ecological 
coefficient, calculated by brain lobe method, reveals that 
optic centre in brain shows a very little dominance over 
the olfactory centre. This dominance is not as prominent 
as that of olfactory area of both the rosette. Hence 
0. bimaeulatus is a nose fish as its nocturnal habit put a 
welghtage to its trend of dependence on olfactory as 
compared to that of optic faculty. 


The route of water circulation through the olfactory 
chamber of 0. bfeaculafasi 


The movement of mar Illary barbels (MAX* EAR*) and 
the Jaw action synchronise with unidirectional Ciliary 
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movement, conduct water current through anterior tubular 
nasal opening . Forwardly and outwardly directed tube with 
underside anterior nasal opening assists in smooth and 
continuous entry of water during the course of swimming 
of fish. The water falls on the anterior part of rosette 
as it is well set and provides more space for incoming 
water current . The more water is accommodated in the 
lamellaeiess area in the form of extraperipheral channel 
(LAM. LESS AREA, Fig. 38C) all around the rosette. 

After the reception of water in the anteriormost 
part of the rosette, it circulates in the central and 
peripheral channels (CEN. CH,, PER. CH, ) of the olfactory 
chamber. The water current takes a whirling shape In the 
posterior region where elevated and obliquely attached 
lamellae oar this circulating water. The water present in 
extraperipheral channel is utilized for effective involve- 
ment of olfactory surface with it. With the result of 
posterior valvular nasal opening, the water is allowed to 
exit with force. This permits more stay of water within 
the olfactory chamber which provides sufficient time for 
the olfactory reception through the water (Fig. 38D) . 


Fig. 41. Horizontal section of the rosette of 

0. bimacula tus showing the arrangement ot 
lamellae on either sides of the raphe. The 
lamellaeless area encapsulating the rosette 
is also visible. Magnification X 50* 

Fig. 42. Hbrizontal section of anterior part of the 
rosette of 0. bimaculatus displaying the 
a r ra ng ement"*of the lamella e vdth the raphe ^ 
in the middle and lamellaeless area in their 
periphery. Magnification X 100. 
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Fig. 43, Horizontal section of the rosette of 0. bimaculatus 
passing through the posterior lamellae, showing 
lamellar structure with respect to their proximal 
and distal regions, Lamellaeless area and raphe 
are also visible. Magnification X 100, 

Fig. 44. Longitudinal section of the anterior lamella of 

0 , bimaculatus . displaying the cellular composition 
of mucosa and submucosa. Magnification X 400. 
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HISTOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
OMPOK BIMACULATUS (BLOCH) 


The olfactory rosette of 0. bimaculatus is fully 
lodged in the olfactory chamber and thrown into number of 
lamellae, attached on either sides of the raphe , a median 
anteroposterior thickening of the olfactory epithelium, 
dividing the rosette into two clear halves. The olfactory 
rosette is encapsulated by the extension of olfactory 
epithelium which forms continuous girdle like lamellaeless 
area (LAM. LESS AREA) all around the rosette (Figs. 37, 

38C, 41) . The lamellae maintain interlamellar spaces 
(INT. LAM. SP.) in between them. Each lamella is made up 
of central core or submucosa (SMSA.) lined on either sides 
by a well composed cellular rone of mucosa (MSA.) . The 
basement membrane (BM. ) stands as partition in between the 
mucosa and submucosa (Figs, 42, 43, 44), 

On the basis of cellular composition, the lamellae 
may be divided into anterior and posterior ones. The former 
represents larger group of lamellae (Figs. 41, 42) whereas 
the latter few in number with enormously enlarged body 
(Figs. 41, 43). 

The anterior lamellae (ANT. LAM.) are having 
Compact cellular organisation and possess almost uniform 
bo#* The central core and mucosa are uniformly built. The 




posterior lamellae (POST, LAM.) are having wide central 
core or submucosa with scattered cellular organisation of 
mucosa (Fig, 43), 

Each lamella is divisible into proximal (PRO, LAM.) 
and distal (DE, LAM.) zones from the point of view of the 
distribution of cellular components . The former zone 
extends on either sides of the raphe upto the middle region 
of the olfactory rosette while the latter from the middle 
of the olfactory rosette to encapsulation of the lamella e- 
less area. It is observed that the anterior lamellae 
possess larger bulk of well built proximal zone (Figs. 42, 
44, 45, 50) whereas this zone decreases as we proceed 
posteriorward. In posterior lamellae, the proximal zone 
restricts on either sides of the raphe whereas distal zone 
occupies most of the length of lamellae, showing scattered 
distribution of cellular components In mucosa and submucosa 
(Figs. 43, 46) . The distal zone is lesser in anterior 
lamellae. The submucosa in posterior lamellae is 
comparatively broader which may be of variable degree and 
matrix composition. 

The proximal zone in anterior lamella* exhibit* 
dense cellular composition and mucous cells occur rarely. 
This zone is heavily ciliated and richly supplied with 
ciliated supporting cells , Intermingled with spindl* shaped 

receptor cells. 




The distal zone is lined by nonciliated supporting 
cells which show positive muciferous activity, revealing 
the existence of goblet cells (Figs. 46, 51). This zone 
is richly supplied with receptor cells which may be 
observed at different levels of the olfactory epithelium. 
Extrusion of cells and raucous discharge can be observed in 
this zone. The subraucosa in this zone is enormously 
developed pushing the mucosa to a thin layer (Fig. 43). 

The fragment of connective tissue in spacious submucosa 
is a characteristic of distal zone of posterior lamellae. 

The lamella #1 ess area: 

The lamellaeless area is a nonsensitive zone of 
olfactory epithelium, devoid of receptor cells but richly 
exhibiting positive muciferous activity. It is made up of 
thick zone of basal cells , showing their grouping and un- 
uniform distribution in number of layer*. The supporting 
zone is made up of nonciliated supporting cells (NCI. SC.) 
where nuclei are clearly visible. This zone is richly 
supplied with goblet cells and mucous discharge entangles 
the foreign material (Figs. 48, 53) , circulating with water 
current* The unwanted foreign bodies or materials are held 
up in mtxeeiit discharge in the lamellaelees area, permitting 
clear water through interlamellar spaces (Figs. 46, S3). 





The olfactory epithelium of 0. blmaculatus 
exhibit* following cellular components : supporting cells* 
receptor cells, goblet cells and basal cells. 

The supporting cells: 

The supporting cells are arranged perpendicularly 
to the central core of lamellae and contribute in the 
formation of greater bulk of the olfactory epithelium. 

They can be distinguished as ciliated supporting cells 
(Cl. SC. , Figs. 45 , 50), nonclllated supporting cells 
(NCI. SC, » Figs. 46 , 48 , 51) and transitionary supporting 
cells (TSC.), showing muciferous activity. 

The ciliated supporting cells are tall and richly 
ciliated. They are confined in the proximal part of the 
lamellae on either sides of the raphe . In anterior lamellae 
the ciliated supporting ceils may range upto the middle of 
the rosette whereas in posterior ones they are present in 
very limited zone. The arrangement of these cells in the 
olfactory epithelium is compact (Figs. 45, 50). The 
ciliated supporting cells are columnar in nature and made- 
up of proximal or inner limb and distal (Di, Cl. SC.) or 
outer limb. The later is broad and elongated, extending 
upto the peripheral surface of the lamellae while the termor 
is short* inconspicuous and extonds upto tho basement 
membrane. The cytoplasm of these cells shows granular 



appearance. The distal end of these cells bear cilia (Cl.) 
which project into the interlaraellar spaces. The cilia are 
planted on the basal granules , The nucleus (NU. Cl. SC.) 
of ciliated supporting cell is situated in the proximal or 
inner limb and is of spherical or oval in shape. An 
acentrally situated nucleolus is visible and chromatin 
material is evenly distributed in the karyoplasza. The 
nucleus of ciliated supporting cell takes sharp stain of 
haematoxylin but the limbs are eosinophilic (Figs. 45, 50) . 

The nonciliated supporting cells (MCI. SC.) are 
confined in the olfactory epithelium of distal zone of the 
lamellae and lamellaeless area, encapsulating the olfactory 
rosette (Figs, 46 , 48 , 51) , They are short and nonciliated 
provided with oval nuclei, situated in their distal or 
outerlimbs Just above the basal zone. The proximal or inner 
limb is visible due to scattered distribution of cellular 
components in basal and supporting zones . Intercellular 
spaces are commonly visible among the cells, distributed 
in this zone. The nucleus (MU. NCI. SC.) of nonciliated 
supporting cell takes a dark stain with faintly visible 
chromatin material and nucleolus. The cells, present in 
the lamellaeless area of olfactory epithelium, are 
comparatively short and forming thick supporting zone* The 
nucleus* in the supporting cells of lamellaeless area, is 
very Clear but nucleolus and chromatin material are faintly 
visible. 


Fig, 45. Transverse section of the anterior lamella of 

0. bimaculotus passing through its middle region, 
showing cellular details related to receptors, 
ciliated supporting cells, connective tissue 
and other finer structures. Magnification X 1000. 

Fig. 46. Transverse section of the posterior lamella of 

0. bimaculatus , passing through its distal region, 
showing cellular structure with special reference 
to synapse establishment between the dendrite 
of spindle shaped receptor cell and axon of 
primary neurone . Magnification X 1000. 
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Fig. 47. Transverse section of the lamella of 

0. bimaculatus passing through its proximal 
region, attached with raphe , exhibiting greater 
concentration of primary neurones with their 
dendrites projecting in the interlamellar space. 
Magnification X 1000. 

Fig, 48. Transverse section of lamellaeless area of the 
rosette of 0. bimaculatus exhibiting muciferous 
activity with greater concentration of basal 
and goblet cells. Magnification X 400, 
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Transverse section of the anterior lamella of 
O. bimaculatus passing to its middle region, 

3i splaying the cellular details of submucosa 
and mucosa with special reference to primary 
neurone and spindle shaped receptor cells with 
their axons and dendrites » Magnification X 1000 

Transverse section of the anterior lamella of 
0. bimaculatus showing rod shaped receptor 
ceils with their axonic and dendritic extensions 
Magnification X 1000. 
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Some noncillated supporting cells, in the distal 
zone of lamellae as well as the lamella eless area, exhibit 
positive muciferous activity, demonstrating their transi- 
tionary nature. Such cells can be observed in different 
formative stages, showing their body filled with mucous or 
in a stage of discharging mucous or empty theca of goblet 
cells (Figs. 46 , 48 , 51) . In the phase of transformation 
of a supporting cell, the nucleus and chromatin material 
are compressed downward in the form of triangular knob 
which may remains attached with the basement membrane by 
a filamentous limb or stalk of the goblet cell. 

The receptor cells: 

The receptor cells are distributed everywhere 
in the olfactory epithelium except the lamellaeless area. 
They are present in the distal zone and also In the 
proximal part of the lamellae. Any form of accumulation 
or grouping of receptors is not observed in the olfactory 
epithelium of g. bimaculatus . They occur in solitory form, 
however, in the distal zone of lamellae, occasional 
synapsis establishment, between the axon of primary 
neurone and dnedrlto of spindle shaped receptor cells, 
i. obs.rv.d (Fig. 46). Th. r.c.ptor rail, in 2- binacuXatm 
may be primary neurones, spindle and rod shaped receptor 
cells. 
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The rod shaped receptor cells (RR.) are taking 
a shape of giant cells and visible in the proximal zone 
of lamellae among the ciliated supporting cells (Cl. SC,). 
Dendrites of these cells are observed intermingled vdth 
the distal limb of ciliated supporting cells. They are 
having elongated body, sending dendrites and axons towards 
the distal and proximal zones of the mucosa respectively. 

The cytoplasm of these receptors take darker stain whereas 
nucleolus and chromatin material are scantly visible (Figs. 
45, 50, 51). 

The primary neurones are very common in occurrence 
in the olfactory mucosa of 0. blmaculatus . Their rich 
concentration is observed in the angles of proximal zones 
of two lamellae at the point of their junction with raphe 
(Figs. 47, 54). The primary neurones are also observed in 
the distal zone where they establish synaptic contact with 
spindle shaped receptor cells (Fig. 46), They are having 
oval or rounded nucleus which takes dark stain of ha*na~ 
toxylin. Dendrites are eosinophilic in nature and their 
identity can clearly be traced out towards the interlamellar 
spaces (Figs. 47, 54). 

The spindle shaped receptor cells (SR.) are 
present in tbs distal and proximal zones of tbs lamellae. 
They possess spindle shaped body with clear extension of 
axons and dendrites (Fig*. 46, 47, 49, 30), They axe ■ 



frequently distributed in the distal zone of lamellae 
where the cells are scatterly arranged. Their nuclei (NUT. 
SR.) take dark stain and are elongated in shape . The 
spindle shaped receptor cell, in the distal zone of 
lamellae, establishes synaptic contact between its 
dendrite and axon of primary neurone. Hence independent 
extension of dendrites of these cells cannot be traced out 
on the peripheral surface of the lamellae. Independent 
axon identity and its meeting with folium olfactorium is 
clearly visible in this zone (Fig. 46) . 

The goblet cells : 

The mucous secretory goblet cells (QC, ) are 
commonly produced with the result of muciferous activity 
of supporting and basal cells in the distal zone of lamellae 
and lamellaeless area of the olfactory epithelium (Figs. 44, 
46, 48, 53). The goblet cells are rarely present in the 
proximal zone of lamellae. A fully developed goblet cell 
is having an apical end, filled with pale droplet of mucin 
and slender basal end, containing compressed nucleus and 
small amount of darkly stained cytoplasm. The apical part 
of the cell has an expanded cup* celled theca (TH. SC.) 
filled with secretory droplets. It becomes empty after 
discharging the mucous in to the interlaaellar spaces 
(Pi$«* <®» Si, 53). The proximal or Inner end is HlmsmUmm 




extending up to the basement membrane. It is difficult to 
observe the presence of nucleolus and chromatin material 
due to the higher degree of compression. 

The goblet cells may be produced either by 
positive nuciferous activity of supporting (TSC.) or by 
basal cells (TBC). The former is having larger while 
latter with smaller theca. As soon as the nuciferous 
activity starts in the basal cells, they gradually migrate 
towards the periphery of the lamellae for discharging 
their mucous in to the interlaaellar spaces. This 
activity is also observed in the lamella eless area of the 
olfactory epithelium (Figs. 46, 48, 51, 53) . 

The basal cells: 

The basal cells (1C.) are rounded and arranged in 
single to many layers in the olfactory epithelium of 
0* bim^culatus . They are irregularly distributed in the 
distal zone (Figs . 46, 51) of lamellae and they can also 
be observed in the supporting zone (Figs. 45, 46). The 
grouping of basal cells (GR. BC. » Figs. 45, 50, 51) can 
also be seen in the mucosa . The presence of basal cells 
in the supporting zone indicates that they are in process 
of their transform tlon in some other cellular components , 
serving the purpose of repair or addition to the m tcosal 





Fig. 51. Longitudinal section of the anterior lamella of 
2.* blnaculatus passing through its distal 
region displaying its attachment with lamellae- 
less area and the details of mucosa and sub- 
mucosa. Magnification X 400. 

Fig, 52. Horizontal section of the rosette of 

§ . bimacula tus passing through raphe exhibiting 
ts cellular and connective tissue details with 
the mode of emergence of lamellae on its either 
sides. Magnification X 400. 
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Fig. 53. 


Fig. 54. 


Longitudinal section of the lamella ©less area 
Of a- blmaculatus displaying tha r g^^ ar9 * of 
mucous and extrusion of cells. J9f® l 3 str - 
material entangled m m uco y? ^ jJ;® 0 ^eraonstra 
ted in this section. Magnification X 400. 


Transverse section of 0. bimaculatus passing 
through the junction of two lamellae , 

place of their attachment with raphe showing 
the details of mucosa and submucosa with 
special reference to the concentration of 
primary neurones with their dendrites. 
Magnification X 1000. 


BC. 

- 

Basal cell 

CON. TI. 

- 

Connective tissue 

DE. SC. 

- 

Distal end of supporting cell 

DN. PN. 

'mm 

Dendrite of primary neurone 

EXT. C. 

- 

Extrusion of cells 

FBC. 

- 

Fibroblast cell 

FGN. MU. 

- 

Foreign material entangled in 
mucous 

QC« 

- 

Goblet cell 

HIS. 

- 

Histiocyte 

HOC. SC. 

mm 

Noncilia ted supporting cell 

NU. PN. 

- 

Nucleus of primary neuron# 

OCI. 

' mm 

Olfactory cilia 

sts*. 

- 

Subraueosa 

TBC. 

: '***■ 

Transitionary basal cell 

TSC. 

■■■; .■em/ 

Transitionary supporting cell 


* inti 

— 




A- 

■A 


;* t ,l! -i '1 


. 





76 


elements. The basal cell in 0. biiaaculatus have irregular 
well stained nucleus with faintly visible chromatin material 
and nucleolus. The basal cells are found in many layers in 
the olfactory epithelium of laiaellaeless area (Figs. 48 , 53) . 
In proximal zone of the lamellae they are present in single 
layer below the supporting cells (Figs. 44, 45, 47, 50) but 
in distal zone they are ununiformly distributed, inter- 
mingled with other cellular components (Figs. 44, 46, 51). 

The central core or submucosa : 

The central core or submucosa (SMSA.) is lined on 
either sides by a well defined basement membrane (BM.) . It 
is supplied with connective tissue fibres, folium oifactorium 
and blood capillaries . The submucosa in the anterior 
lamellae is uniform and becomes somewhat more bulky in the 
distal zone but in posterior lamellae it becomes enormously 
enlarged (Fig. 43), pushing the mucosal components to a 
thin layer. The fibroblasts (FBC.) , histiocytes (HIS.) and 
basal (BC.) cells are commonly present in the matrix of 
submucosa but pigment cells are absent (Figs, 44, 45, 46, 

49» 50, 54), 

The raphe j 

The raphe (HPH. ) it made up of simple columnar 
epithelium which lies on either tides of the well demarcated 





basement membrane. The columnar cells bear darkly stained 
nuclei, situated just above the basement membrane, in an 
uniform level . The elongated distal or outer limb (DE. 

NCI. SC.) of these cells extends up to peripheral surface 
of the olfactory epithelium of raphe and it is none ilia ted. 
The proximal limb is occupied by the nucleus (NtJ. NCI. SC.) 
and cytoplasm. No other cellular components are observed 
in the olfactory epithelium of raphe of Q,. bimaculatus . 

The central core or submucosa of the raphe is spacious and 
filled with collagen connective tissue (COL. CON. TI. FIB) . 
The nonmedullated nerve fibres are observed below the 
basement membrane which send their nervous supply to 
lamellae. The blood capillaries and their direction of 
supply can be seen In the raphe of Q. bimaculatus . The 
fibroblasts, histiocytes and basal cells are also present 
in the connective tissue of raphe (Pigs. 41, 42 , 43, 52). 


Fig. 55. Lateral view of the head of N. chitala . 


Fig. 56. Dissection of the head of N. chltala from 
lateral side to show the rosette insitu. 
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Fig. 58A. Diagram of the lateral view of sku11 of 

vin 58 B Diagram of anterior part of skull of H. ch^tajL j. 
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Fig. 60. Horizontal section of the rosette of N. chi tala 
passing through few lamellae showing clear cut 
zonation of supporting and sensory zones . 

Turger and notch are also visible. 

Magnification X 100. 

Fig. 61. Horizontal section of the rosette of N. chitala 
displaying the attachment of lamellae on 
either sides of the raphe with branched 
pigment cells. Magnification X 100. 
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Fig. 62. Longitudinal section of the middle region of 
lamella of N. chitala showing dense ciliation 
and cellular composition . Magnification X 400. 


Fig. 63. Longitudinal section of distal region of 

supporting zone of the lamella of N. chitala 
displaying heavy ciliation, pigmentation, 
turger supply and mucif erous activity. 
Magnification X 400. 
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B83RPH3LOGICAL OBSERVATIONS OF OLFACTORY ORGAN 
OF NOTOPTEHUS CHITALA (HAMILTON) 

The olfactory organs in N. chi tala are comprised 
of a pair of olfactory chambers (OLF. CHAM.) lying slightly 
projected over the maxilla and extend upto the anterior 
extremities of eye orbits at the point of initiation of 
lower and upper ridges (LOW. LONG. R8. , UP. LONG. HO.) of 
frontal bone (Figs. 57A, 58) . Each olfactory chamber Is 
anteriorly narrow and broadens posteriorly, occupying a 
large area which is richly supplied with chroma tophores . 
Each olfactory chamber is communicated outside by a pair 
of nasal openings . The anterior nasal opening (ANT. NAS. 
OP.) is rounded and thickly rimmed, situated lateromedially 
on the roof of the skull in the anterior most part of the 
head. The rim of anterior nasal opening Is provided with 
a forwardly directed and ventrally grooved nasal tentacle 
(NAS. TEN.) , helping in deflecting the water current to 
the anterior nasal opening of the fish during its forward 
movement. The posterior nasal opening (POST. NAS. OP.), 
situated on the general surface of the head is oval and 
in confluence with the posterior elevated extension of 
olfactory rosette. It is nomralvular opening, lying on 
the anterodorsal margin of the eye orbit (Figs. S7A, STS, 
37C). It is based m the posterior extremities of nasal 
and adnasal bones. Posteriorly this opening is guarded by 
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the anterior extremities of lower and upper longitudinal 
ridges of frontal (Fig. 58) . 

In a fish of 631 mo total length, the anterior 
and posterior nasal openings are situated at a distance of 
9.945 on. The anterior nasal opening is 0.468 ms in 
diameter and equipped with a forwardly directed nasal 
tentacle of 2.047 am in height. The posterior nasal 
opening is 1.404 x 0.643 mm in size. 

Each olfactory chamber is completely occupied by 
an elongated and boat shaped olfactory rosette (HE. , Figs. 
56, 94) which bears ventral convex and dorsal concave 
surfaces. The former is pigmented (PIG.) and thickly 
covered by fibrous connective tissue but latter is 
provided with free dorsal ends of the olfactory lamellae 
(LAM.) which maintain Inter! amelia r spaces (INT, LAM. SP.) 

In between them (Figs. 60 , 61, 64). The rosette has a 
posterior broader end and its elevated margins are in 
confluence with the posterior nasal opening . It is composed 
of two halves by virtue of their respective position In 
relation to nasal and adnasal bones. A raphe (HPH.) runs 
anteroposterlorly in each rosette and lamellae radiate 
from its either sides. The succession of attachment of 
lamellae, in each half of the olfactory rosette, is in 
such a manner that larger ones are present In the posit#* 
medial part whereas the ends are provided with email# 'dues.. 



The anterior most lamella is smaller as compared to the 
posteriormost (Figs. 56, 94) . The chroma tophores 

(pigment cells) are seen in the raphe and distal parts of 
the lamellae (Figs. 61, 63, 64, 94). 

The olfactory lamellae (LAM.) in N, chita la are 
plough shaped, bearing dorsal concave and ventral convex 
surfaces. The latter is attached with the floor of 
olfactory chamber by fibrous connective tissue while the 
former is free. In between the two lamellae a conspicuous 
interlamellar space is present to facilitate the sufficient 
dipping of all the lamellae by circulating water. The 
lamellae are provided with narrow proximal, pointed and 
curved distal ends. The medial part of each lamella is 
broad and linguiform process (LING.) is present distally 
on the dorsal surface (Fig. 57E) . The linguiform processes 
of all the lamellae take a shape of curtain, dividing the 
olfactory chamber in to central (CEN, CH.) and peripheral 
(FEE. CH.) channels. The posteriormost part of the rosette 
is devoid of lamellae and its elevated margins are in 
confluence with posterior nasal opening, taking a shape of 
extra olfactory nasal sac which helps in maintaining the 
continuity of water in the olfactory chamber (Fig. 94). 

Tht movement of cilia (Cl., Figs, 62, 63, 67, 66) of 
olfactory epithelium invites the water into the olfactory 
ChMrfitr through anterior nasal opening and ultimately 
expelled out from the posterior. 


The olfactory rosette is lodged in the olfactory 
chamber in ethmoidal region and is attached with the 
surrounding bony components by fibrous connective tissue . 

The floor of olfactory chamber is mainly made up of grooved 
lateral ethmoid (LETH.). The ethmoidal ridge (ETH. RQ.) 
separates the olfactory chambers of either sides and 
ethmoid (ETH.) contributes in the formation of one third 
mediolateral part of the floor of olfactory chamber. The 
nasal (NAS.) and adnasal (ADNAS.) bones form the margins 
of the olfactory chamber. The left margin of the right 
olfactory chamber and the right margin of the left olfactory 
chamber are bounded by nasal. The adnasal erects opposite 
to the nasal in each olfactory chamber. Both nasal and 
adnasal terminate posteriorly to form the posterior nasal 
opening (Fig. 58). 

The lateral ethmoid terminates posteriorly into 
a narrow process and articulates with the orbitosphenoid 
(ORBSPH.). The olfactory bulb (OLF. BL,, Fig. 59) lies In 
a groove, present at the place of articulation of lateral 
ethmoid and orbitosphenoid. The lateral ethmoid bears an 
opening for the opthalamicus profundus nerve. The olfactory 
tract (OIF. TR. , Fig. 59) runs throughout the length of 
orbitosphenoid and plaurosphenoid (PLAUSPH. ) , The olfactory 
chamber is anteriorly supported by presenilis (PREMAX.) and 
posteriorly by lower and upper longitudinal ridges (1 jGW. 


LONG. RG. , UP. LONG. RG.) of frontal. Van tro laterally 
and dorsolaterally the olfactory chamber* art supported by 
maxilla (MAX.) and lacrymal (LAC. ) bones respectively 
(Fig. 58). 

The dissection of the head from its dorsal side 
shows anatomical relationship of the brain to the olfactory 
rosette. The olfactory bulbs are rounded and situated 
close to the posterior ends of the olfactory rosettes. 

The paired olfactory tracts (OLF. TR.) are elongated and 
originate from the anteriormost part of the telencephalon 
and terminate to the olfactory bulbs. Each olfactory bulb 
give rises to a pair of the olfactory nerves, extending 
posteroanteriorly on the ventral surface of the rosette . 

The optic (OP. LO.) and olfactory (OLF. LO.) lobes are 
almost equally developed (Fig, 59) . 

Ecological coefficient: 

Already established methods were adopted for 
calculating the ecological coefficient in N. chi tala for 

illustrating the appropriate sensitivity of olfactory and 
optic faculties. Five fishes of different sixes ranging 
from 223 to 631 mm were selected for calculating the 
ecological coefficient. The number of lamellae and length 
of the brain increase successively with the increasing slxe 
of the fish. Tho length of mesencephalon ranges from 



Table 3: Ecological coefficient of N o top terns chitala 
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4.680 to 6.201 no and that of telencephalon from 4.9 72 to 
6.435 ran, revealing ecological coefficient 104.512 per cent 
as an average which indicate# that the olfactory and optic 
faculties are almost equally developed (Table 3). 

The area of two retinae ranges from 55.916 mra 2 to 
194.05 mm 2 and that of two rosettes IOCS. 369 to 3865.476 ran 2 . 
The average ecological coefficient calculated in five fishes, 
stands 1929.199 per cent, demonstrating tremendously 
developed olfactory faculty (Table 3). The development of 
mesencephalon is also considerably high and because of 
this fact an amountable development of optic faculty cannot 
be denied. chltala is a bottom feeder and found between 
the bottom bushes and becomes more active in night. This 
fact correlates its habit of more dependent on olfactory 
faculty in discharging the activities like feeding, 
schooling defence and courtship. However, optic faculty 
also plays supplementary role, making the fish more efficient. 


The route of water circulation through the olfactory chamber 

of chita Ju t 


The extra olfactory nasal sac is subjected to a 
constant change in its volume with the result of Jaws and 
respiratory movements . in addition to speedy forward 
movement ef fish synchronously with nasal tentacular 
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erection in forward direction, the water current it invited 
through the anterior natal opening via ventral groove of 
natal tentacle (Figt. 57B, 57C, 57D) . After itt reception, 
the water it circulated in the olfactory chamber through 
central and peripheral channels and ultimately stored in 
the extra olfactory natal sac, the posteriormost lamella e- 
lets area of the olfactory rosette. The extra olfactory 
natal sac (lamellaeless area) increases the capacity of 
accommodating the water in the olfactory chamber so that 
olfactory lamellae may be properly bathed with Ingoing 
water current. The lamellar ciliation (Figs. 62, 63, 

67, 68) causes the circulation of water in the olfactory 
chamber and the same is expelled out through the posterior 
nasal opening . 




HISTOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 

m agm a S S I/ M (Hamilton) 


Each olfactory rosette of N. chi tala bears numerous 
lamellae arrangad transvarsaly on aithar side# of rostroeau- 
dally elongated raphe (HPH., Fig#. 36, 61, 94). Each 
lamella (LAM.) is constituted of central core or subnucosa 
(SMSA.) lined on both the sides by the cellular components 
of mucosa (MSA.) . The distal surface of all the lamellae 
is uniform and no secondary lamellae or aleroformatlons ere 
observed on its surface except a notch (NTT., Figs. 60, 62, 
63 ) in between the supporting (SC. 2.) and sensory (SEN. Z.) 
zones. The central core is richly supplied with blood 
capillaries (BCP., Figs. 62, 63) and pigment cells (PIG., 
Figs. 60 , 62 , 63 , 66 ) with thick bundles of connective 
tissue fibres (CON. TI. FIB.) forming a support to 
enormously elongated lamella on both the sides of raphe 
(Figs. 60 , 61 , 64 , 63 , 66 ). This formation of connective 
tissue bundles takes a shape of well formed turger (TUR.) 
which Is centralized in the middle zone of lamella at the 
level of notch, supplying its branches up to terminal end 
of the lamella (Figs. 60 , 62 , 63 , 65 , 66 ). The cellular 
components, in the lamellae of If. chltala. are supporting 
cells receptor cells (RC.), goblet cells (GC.) end 

basal cell* (BC.). 



Th. distribution of abov. csllular component, is 
in a peculiar fashion, showing clear cut zonatlon of 
supporting (SC. Z.) and sensory (SEN. Z.) rones in a 
lamella (Fig. 60). The goblet cells are absent in the 
sensory zone but richly present in th. supporting one. 

The branched pigment cells («».) are comply distributed 
in the submueosa ef raphe and supporting zone of th. 
lamella. (Figs. 60, 61. 63. 64 , 66. 68). On th. basis 

of cellular arrangement and zonatlon. th. lamella is 

divided into prozlmal (FED. LAN.) «* <*1**1 <»■ 
regions* 

The prozlmal region is reatrlcted on either sides 

a *ua mt Hdl* reaton of the rosetto * It if 
of the r»P he upt© the mlMl 9 . 

sensory ^ 

supportlng cells. The sensory zone is zzn , 

core or subnucose if 
euboidal epithelium. The c«trel cor. 

oeooaratively narrow and consist, of *«ol** connective 

7TL «*• Tl.). This region is totelly devoid 

cells. Plg»«t «•**• - “* “* 

64, #9# TO, Ti)» . 

the distal region (DI. LAM.) eztends from th. 

_ „ „+..ai sail of the oifeetory 

middle part ef roeette to th. later 

-.--w.. It cemprieee of ciliated columnar epithelium 
- lch i, purely nutritive and . - p o rt ing In nature. Th. 
fc-sd centre! core is rlghly supplied "l* brsneh«l pigm»t 
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cells and thick bundles of connective tissue fibres (CON. 
TI. FIB.). It also exhibits variation in its broadening. 
The blood supply and connective tissue bundles are clearly 
visible in this zone (Figs. 60, 62, 63, 65, 66 , 67, 68). 

The supporting cells! 

The supporting cells can be distinguished into 
two main types! the noncilia ted supporting cells (NCI. SC.) 
and ciliated supporting cells (Cl. SC,). The former are 
without cilia and restricted in the sensory zone of mucosa. 
They are alternately situated among the receptor cells with 
oval nucleus and short body. The nucleus (NO. NCI. SC.) 
in these cells takes dark stain of haematoxylln and can be 
clearly observed. The chromatin material and nucleolus 
are faintly visible. The distal limb of supporting cell 
(DE. NCI. SC.) is short but shows clear appearance among 
the dendrites of receptor cells. It bears homogenous 
cytoplasm which takes lighter stain as compared to the 
surrounding cellular components. The proximal limb of 
supporting cell is inconspicuous and is not clearly 
traceable (Figs. 69, 70, 71). 

The ciliated supporting cells (Cl, 90.) are 

columnar snd exceptionally tall, contributing the major 
bulk of supporting son* of the lamella in the distal half 
of tbs rosette. They are arranged perpendicularly to the 


Fig, 64. Horizontal section of the rosette of N. chita la 
passing through raphe , exhibiting its'detailed 
cellular and connective tissue composition 
with the mode of attachment of lamellae on its 
either sides. Magnification X 400. 

Fig. 65. Longitudinal section of middle region of the 
lamella of N. chitala displaying turger and 
its supply For strengthening the lamella. 
Magnification X 400. 
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Fig. 66. Longitudinal section of the lamella of 

N, chita la^ passing through its distal end 
displaying the supply of turger and pigment 
cell. Magnification X 400. 

Fig. 67. Transverse section of the lamella of N. chitala 
passing through the supporting zone, exhibiting 
the details of cellular elements in submucosa 
and mucosa. Magnification X 1000. 
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basement membrane and are heavily ciliated. The ciliated 
supporting cell is made up of two limbs - an inner or 
proximal (PRO. Cl. SC.) and outer or distal (DE. Cl. SC.). 
The former is short and thick, extending upto the basal 
zone while the latter is elongated and reaching upto the 
peripheral surface of the lamella. It ends on the peri- 
pheral surface by an expanded tip which bears many 
elongated cilia (Cl.). The c illation of all such 
supporting cells projects in the interlamellar space 
forming clusters and their direction of synchronous beating 
can be seen in the micro tomical sections (Figs. 62, 63, 67, 
68). The proximal and diatal limbs of ciliated supporting 
cells have clear and homogenous cytoplasm. The distal limb 
takes darker stain as compared to the proximal one. The 
ciliated supporting cells exhibit positive muciferous 
activity, with the result supporting zone is richly 
supplied with elongated goblet cells . The muciferous 
activity becomes more prominent in the terminal tips of the 
lamellae. The mucous discharges from the goblet cells 
becomes entangled with clusters of cilia which can power- 
fully create unidirectional ciliary movement. 

The distal tips of ciliated supporting cells 
bear basal granules on which cilia are implanted. The 
nucleus of ciliated supporting cell is oval in shape and 
Situated at different levels in the mucosa. The ehxottatin 






material and nucleolus are clearly visible. The ciliated 
supporting cells are densely packed having their nuclei at 
different levels. The goblet cells present in the support- 
ing zone create space among them after discharging the 
mucous {Figs. 62 , 63, 65 , 66 , 67, 68). 

The receptor cells: 

On the basis of the shape of nucleus and their 
position in the olfactory epithelium, the receptor cells 
can be distinguished into primary (PN.) and secondary (SR.) 
types. The primary ones are confined in the sensory zone 
of the olfactory lamella and invariably partitioned from 
one another by nonciliated supporting cells {NCI. SC.) . 

The accumulation of receptor cells is not observed any- 
where in the olfactory epithelium of N. chi tala « The 
primary receptor cell bears prominent cell body containing 
more or less spherical nucleus (MJ. PN. ). The chromatin 
material is distributed in the karyoplasa. It takes darker j 
stain of haematoxylin as compared to the surrounding 
cellular components (Figs. 69 , 70, 71). 

; 

The axon of primary receptor cell is not traceable 
as an independent element because it establishes synaptic j 
contact (5¥.) with the dendrite of secondary receptor. The [ 
distal and outer margin of primary receptor deli give rises 
a dendftt* (DN. PN.) whose tip may projecti In the inters 
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lamellar spaces directly or in some other forms. The distal 
tip of dendrite of these receptors is in the shape of 
olfactory vesicle (OV.) * The projection of olfactory 
vesicle in the interlamellar spaces is of varying degree 
but at some places they form well marked projection either 
in the form of microvilli (MV.) or olfactory cilia (OLF. 
Cl.). The dendrite of primary receptor cell attains darker 
stain as compared to the surrounding cellular components 
(Figs. 69, 70, 71). 

The spherical nuclei of primary receptor cells 
form an ill defined zone among the nuclei of nonciliated 
supporting cells* The length of dendrite depends upon the 
placement of these receptor cells in the mucosa of olfactory 
epithelium. Consequently, the deeply situated primary 
receptor cells having elongated dendrites as compared to 
those present in the peripheral surface of mucosa. 

The secondary receptor cells (SR.) possess some- 
what slender body with scanty cytoplasm, surrounding the 
elongated and oval nucleus (f®J. SR.). The nucleus stains 
less intensely with haematoxylin as compared to the nucleus 
of primary receptor cell. It has a conspicuous nucleolus 
with scattered chromatin material in karyoplasa, A thin 
proximal process of axon (AX. SR.) extends upto the base* 
merit membrane where they join to form folium olfeetorium 
(FI. OIF.). The dendrites (DN. SR.) are not seen eXtentflll 
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upto the peripheral surface but make synaptic contacts (SY.) 
with axons of primary receptor cells. It is difficult to 
trace the synaptic contact between primary and secondary 
receptor cells but however, few synaptic contacts are clearly 
visible due to careful sectioning and staining of the 
material. The presence of these receptor cells below the 
primary ones demonstrate their nomenclature as secondary 
receptors but they are identical to spindle shaped receptor 
cells (Figs. 60, 70, 71). 

The goblet cells: 

The goblet cells (<3C.) are confined in the 
supporting zone of lamella, intermingled with the ciliated 
supporting cells. No rauciferous activity is observed In 
the basal zone. This indicates that some of the supporting 
cells, having positive nuciferous activity, give rise to 
goblet cells. The theca of these goblet cells is elongated 
and of the size of ciliated supporting cell. The nucleus 
is well compressed with darkly stained chromatin material. 

The proximal limb of goblet cell is not traceable under- 
neath the supporting zone because of the presence of compact 
basal cells . The nuciferous activity of supporting cells 
can clearly be demonstrated as the goblet cells of different 
formative stages can be seen in the supporting zone of 
E* foltala » The theca of goblet cells may be sunken deep 


Fig. 68. Transverse section °* supporting 3 * 4 

9 passing through the distal end of supporting 

zone showing clusters of cilia, turger supply 
and other cellular components of mucosa and 
syburucosa* Magnification X iuuu. 

Plfi 69 Traniv^rs# section of th# iansXia of 
Fig. 69. l«;» : through 5ensory zone showing 

contact, olfactory vesicle, primary neurone 

and non ciliated supporting cells. 

Magnification X 1000. 
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Fia 70 Transverse section of the lamella of N. chi tala 
passing through sensory zone showing perfect 
cellular picture of mucosa and submucosa with 
special ref eren ce to olfactory cilia olfactory 
vesicle » microvilli and elongated dendrites of 
secondary receptors. Magnification X 1000, 

Fiq 71. Transverse section of the lamella of N. chit a l a 
passing through sensory zone showing microvilli, 
olfactory vesicle, olfactory cilia, and axons 
and dendrites of receptor ceils. Magnification 
X 1000. 
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in the mucosa or may be situated on the periphery among 
the ciliated supporting cells (Figs. 62 , 63 , 65 , 66 , 67 ). 


The basal cells s 




The basal cells (BC.) are uniformally distributed 
in the supporting zone of lamella above the basement 
membrane (BM.) . The grouping of basal cells (GR, BC.) can 
also be occasionally observed in this zone which indicates 
their preparation in the formation of some other cellular 
components of olfactory mucosa. The nucleus of basal cell 
(NU. BC.) is rounded with clearly visible chromatin material 
and decentric nucleolus . In the sensory zone, the distri- 
bution of basal cells becomes ununiform and they may be 
seen in an irregular fashion, forming single to many layers 
thick basal zone (Figs. 69, 70, 71). The submucosa is also 
richly supplied with basal cells. The occasional migration 
of basal cells can be observed in the supporting zone (Fig, 
68) or elsewhere, indicating that they are in the process 
of transformation in other cellular components according to 
the need of olfactory epitholium. 

The central core or submucosa* 



of &• 


On the basis of zonatlon in the olfactory lamella 
Ltala. the central core or submucosa is seen clearly 





divisible into proximal and distal zones. The former is 
narrow and constricted (Figs, 60, 69 , 70 , 71) whereas the 
latter is broad and expanded (Figs, 60, 62 , 63, 65 , 66). 

The central core or submucosa of both the zones is lined 
with well demarcated basement membrane. The sensory zone 
of olfactory epithelium is lined with areolar connective 
tissue fibres while the supporting zone with bundles of 
collagen connective tissue fibres (COL. CON. TI. FIB.). 

Both these connective tissue fibres join each other in the 
middle of all the lamellae at the level of notch. The 
turger formation takes place in this region as the 
connective tissues are aggregated and provide support to 
the lamellae. Besides this the central core of supporting 
zone is supplied with blood capillaries (8CP. ), branched 
pigment cells (PIG.) branched f ibroplast cells (FBC.) , 
histocytes (HIS) and areolae (ARE.). The central core of 
sensory zone is devoid of pigment cells and having thin 
supply of connective tissue. The folium olfactorium (FI. 
OLF.) extends below the basement membrane and joins non- 
aendullated nerve fibres (NMN, FIB.) in the supporting zests. 
The pigment cells are observed concentrated around the blood 
capillaries both in supporting zone as well as in raphe 
(Figs. 63, 64, 66, 67, 68, 70, 71). 

The raphe* 

The raphe is made up of thick none ilia ted columnar 



epithelium devoid of sensory cells and having enormously 
developed central core or submucosa (SMSA. , Figs. 61, 64). 
The epithelial lining of central cor© or submucoss is 
separated by a well demarcated basement membrane. The 
basal zone of raphe in N. chi tala occupies a broad area 
limiting three to four layers of basal cells, while the 
supporting cells are single layer thick, made up of short 
noneiliated cells. 

The central core or submucosa is densely supplied 
with collagen connective tissue fibres (COL. CON. TI. FIB.) 
intermingled with areolar connective tissue fibres. Rich 
distribution of branched pigment cells, fibroblasts, 
histiocytes and basal cells is observed in the ground 
substance (matrix) of the raphe. The nonmedulla ted nerve 
fibres extend along the basement membrane which finally 
join to the medulla ted nerve fibres of the olfactory nerve. 
In the centre frequent presence of areolae is observed 
which remain surrounded by areolar connective tissue fibres. 
The blood supply is present in the raphe, and the branches 
of blood capillaries are supplied to ail the lamellae 


Fig. 72. Lateral view of the head of 0. bacaila, 

Fla 73. Dissection of the head of 0. bacaila 
Fig * from lateral side to show ^he rosette 

insitu. 
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Fig, 74A. Diagram of the lateral view of head of 
0. bacaila . 


Fig. 74B. Diagrammatic sketch of the olfactory chamber of 
0. bacaila to show anterior and posterior natal 
openings with respect to eye. 

Fig. 74C. Diagrammatic sketch of the olfactory chamber of 
0. bacaila after removing the nasal flap with 
respect to eye. 

Fig. 74D. Diagrammatic sketch of the olfactory rosette 
of fi* bacaila to show the arrangement of 
lamellae. 


Fig. 74E. A set of 1-16 lamellae from one half of thee 
rosette of 0. bacaila . 
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Fia. 75. Diagrammatic sketch of the lateral view of 
skull of O. bacaila to show the bony 
elements , “surrounding the olfactory chamber. 
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Fig. 76. Diagrammatic sketch of the dissection of 

head of 0. bacaila from dorsal side to show 
the relationship of brain with the rosette- 
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FIG.- 76 


MOHPHDLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
OXYGASTER BACAILA (HAMILTON) 


Oxyqaster bacaila bears a pair of olfactory 
chambers (OLF. CHAM. ) situated close to the eye orbits and 
away from the snout. The position of each chamber is 
anterolateral lying just against the anterior extremity of 
the eye orbit. The olfactory chamber is oval in shape and 
covered with integument which also contributes in the 
formation of a short tubular anterior (ANT. NAS. OP.) 
nasal openings. Each olfactory chamber is communicated 
outside by a pair of nasal openings which lie close to 
each other. The anterior nasal opening is placed on a 
short tube (ANT. NAS. TUBE) whose posterior margin is 
elevated which acts as a nasal flap (NAS. FLAP). It is 
upwardly and forwardly projected from the surface of the 
olfactory chamber and remains dipped in to the olfactory 
cavity by its ventral extension, dividing it transversely 
into anterior and posterior compartments. The posterior 
nasal opening lies on the surface of the head. The nasal 
flap stands as partition in between anterior and posterior 
nasal openings. The former is oval in shape and savors 
only a small portion of anterior most part of tho olfactory 
chamber and leads Into it in the form of a funnel. The 
latter is wide and semilunar, covering most of the posterior 
part of tho olfactory chamber through which a major portiom 
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of the rosette can be visualised under low magnification. 

The wide posterior nasal opening allows a constant touch 
of water with the olfactory lamellae (Figs. 72, 74A, 74B, 
74C) , 

In a fish of 128 mm total length, the olfactory 
chamber is 1.462 mm in length and is placed at a distance 
of 2.351 ram from the snout and 0.936 mm from the anterior 
extremity of the eye orbit. The size of anterior nasal 
opening is 0.585 x 0.409 mm. The height of anterior nasal 
tube is 0.760 rora from the surface of the head. The 
posterior nasal opening is 0.292 mm wide having dorsoventral 
crescent of 1,345 mm. 

The olfactory rosette (RE.) is rounded and 
completely lodged into the olfactory chamber, taking a shape 
of bowl. It possesses ventral convex and dorsal concave 
surfaces with large number of closely set lamellae (LAM. , 
Figs. 73, 74D) . A leaf shaped narrow raphe (HPH, ) divides 
the olfactory rosette into ethmoidal and lacrymal halves. 

The raphe makes an angle of about 35° with respect to the 
body axis of the fish. A narrow lamella eless area (LAM, 

LESS ARIA) observed surrounding the lacrymal half of the 
rosette which becomes invisible in the ethmoidal half. 

This lamellaeless area can be understood as a rudimentary 
accessory nasal sac and may help in retaining the water 
during the course of its circulation through the olfactory 
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chamber. The chamber is not divided into central and 
peripheral channels due to the absence of llnguiforra 
processes in the lamellae (Fig. 74D). 

The lamellae are arranged on either sides of the 
raphe which are closely packed with visible interlamellar 
spaces. They are curved structures and emerging out from 
the floor of the olfactory chamber, keeping their ventral 
surfaces attached with it. They are attached at right 
angle with the raphe in its anterior and middle region in 
a regular fashion on both the sides but in the posterior 
region they are attached obliquely, having their distal 
ends more elevated so as to come closer to the posterior 
nasal opening and avail the advantage of their constant 
exposure to the water. The smallest lamellae are observed 
in the anteriormost part of the rosette, indicating that 
their addition takes place at this end. The size of 
lamellae gradually increases towards the posterior (Figs. 

73, 74D) . 

The floor of olfactory chamber Is composed of 
palatoethmoidal complex. The palatine (PAL.) is a trian- 
gular bone constituting the anterior part of the olfactory 
chamber. Its anterior ais is attached with the maxilla 
(MAX.) and posterior two arms extend upto the middle of the 
chamber* The major part of the olfactory chamber is 
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scooped on the surface of the lateral ethmoid (LETH.) . Th# 
chamber Is partially guarded posterodorsally by frontal 
(FROM.) , anterolaterally by the dorsal tip of th® premaxilla 
(PREMAX. } and v®ntrally by lacrymal (LAC.) . Anterodorsally 
the lateral wing of the ethmoid (ETH. ) protects th® 
olfactory chamber and forms intemasal septum which along 
with its cartilage encircles the anterior nasal opening . 

A foramen for the passage of olfactory nerve is present at 
the union point of ethmoid and lateral ethmoid (Fig. 75). 

The brain and its cranial connections are exposed 
after dissecting th® fish from dorsal side and removing th® 
frontal and parietals. The olfactory bulbs (OLF. BL.) are 
conspicuous and oval structures which receive nerves from 
the ventral convex surfaces of the rosettes. Each bulb 
posteriorly give rises olfactory tract (OLF. TR.) which 
terminates into the anterior part of telencephalon. The 
olfactory lobes (OLF. LO.) are considerably developed but 
are smaller than the optic lobes (OP. LO.» Fig. 76). 

Ecological coefficient! 

The length of telenephalon, mesencephalon, area 
of two retinae and both the rosettes are taken into conside- 
ration for determining the ecological coefficient. Fiv® 
fishes of different sizes ranging from 76 to 128 an wsr® 
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selected for calculating the above factor. It is found 
that the length of mesencephalon and telencephalon ranges 
from 2,340 to 2.691 mm and 1,638 to 1.872 mm respectively 
The average ecological coefficient by brain lobe method 
stands 69.614 per cent, indicating araountable development 
of optic faculty (Table 4). 


The ecological coefficient considering the area of 
both the retinae and that of two rosettes stands 429.884 


per cent as an average. The area of two rosettes in all 
the five fishes ranges from 70.219 to 198.237 mm 2 and that 
of two retinae from 18.075 to 38.836 nan 2 . The above 


calculations revealed that Q. bacaila is having considerable 
development of both the faculties putting it in a category 
of eye-nose fish, utilizing both the faculties efficiently 
in discharging the functions for locating the food, 
recognising the freight and courtship reactions etc. (Table 4) 


The route of water circulation through the olfactory chamber 
of 0. bacaila • 


The posterior nasal opening is wide, covering most 
of the area of olfactory chamber and allowing the exposure 
of the posterior part of the olfactory rosette to the water. 
This provides a condition to the olfactory epithelium similar 
to these of gills which remain in a constant touch with water 
in all the conditions. 
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In addition to it rapid protrusion and retraction 
of jaws alongwith forward movement of fish permit the entry 
of water into the olfactory chamber through the anterior 
nasal opening. The water circulates in the olfactory 
chamber uniformly and lamellaeless area of laerymal half 
of the rosette helps in retaining the water during this 
process (Figs. 74B, 74C, 74D) . The fish in motionless 
condition enjoys constant contact of the olfactory lamellae 
with water (similar to gills) through the posterior nasal 
opening but during forward movement the water enters through 
the anterior nasal opening and expelled out from the posterior. 

The route of transportation of water is shortest 
as compared to N. chitala . 0. bimaculatus and N. nandut 
because most of olfactory chamber is exposed to water through 
the wide posterior nasal opening . 
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Fig. 77. Horizontal section of the rosette of 0. bacaila 
showing the pattern of attachment of lamellae 
with raphe and their different shapes. 
Magnification X 100. 

Fig. 78. Horizontal section of the rosette of 0. bacaila 
passing through middle and hinder lamellae 
showing curving, knobbing, narrowing and 
pigmentation. Magnification X 150. 
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Fig. 81. Longitudinal section of distal end of the 
lamella of 0. bacaila showing curving and 
extrusion o T cells’ from the curve. 
Magnification X 400. 

Fig. 82. Transverse section of the detached part of 

the lamella of G. bacaila which is pooled 
with all the cellular components , present in 
a full grown lamella with mucif erous activity. 
Magnification X 400. 
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HISTOLOGICAL OBSERVATIONS OF OLFACTORY ORGAN OF 
OXYGASTER BACAILA {HAMILTON) 

The olfactory rosette (RE.) of Oxyqaster bacaila 
is bowl shaped and possesses a number of lamellae (LAM.) 
which are projected ventrodorsally. The lamellae are 
attached on either sides of the raphe which is a median 
thickening of the olfactory floor, dividing the rosette 
into two equal halves (Figs. 73, 74D). The lamellae are 
projected in the olfactory chamber from their concave 
surfaces, maintaining interlamellar spaces (INT. LAM, SP. , 
Figs. 77, 78 , 79) . Each lamella is made up of central 
core or submucosa (SMSA.) lined on its both the sides by 
cellular layer of mucosa (MSA.). The basement membrane 
(BM.) is clearly demarcated and stands as partition in 
between the submucosa and mucosa. The shape of the 
lamellae in a rosette Is greatly varied and exhibits a 
great variety of swellings (SWE., Fig. 83), narrowings 
(NAIL, Fig. 78) , terminal curvings (CUR. , Figs. 78, 81), 
terminal knobbing* (KND.» Figs. 77, 78, 80) and trifur- 
cation (TRI, Fig. 79) . In all such specific variations 
in shape and sizes of the lamellae, the extrusion of cells 
(EXT. C.) can easily be observed in the inter-lamellar 
spaces (Figs. 80, 81, 82). The terminal knobbing sometime 
becomes so acute that such knob is ultimately seen detacher 
Item the mother tip due to constriction of underneath region 
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(Figs. 78, 82) . Such detachments art pooled with all the 
cellular components present in a lamella . The nuciferous 
activity is greatly observed in the floor of olfactory 
chamber {Figs. 84, 85) and in the posterior lamellae of 
the rosette (Figs. 86, 87, 89). The initial lamellae show 
no nuciferous activity (Figs. 81, 83, 88, 91). As the 
lamellae enlarge in sire, the turger (TUR. ) formation 
becomes more prominent which may be due to the accumulation 
of the bundles of connective tissue fibres intermingled 
with branched fibroblasts and other cells (Figs. 92). 

From the histological point of view, the lamellae can be 
J divided into three categories* the initial, middle and 

hinder lamellae. 


The initial lamellae possess well composed 
structure with normal submucosa (SMSA. ) and mucosal (MSA.) 

zone. Terminal knobbing is not very prominent although 
their initiation can be observed in these lamellae. These 
lamellae exhibit no muciferous activity and are provided 
with stratified columnar epithelium. Pigmentation (PIG.) 
is observed in the submucosa of these lamellae (Figs. 81, 
91). 

The middle lamellae have their proximal structure 
broad which extends terminally in a trend of narrowing and 
muting (Fig. 78). These lamellae exhibit a feature ef 
trifurcation. Hie trifid lamellae are observed with narrew 



proximal and club shaped terminal ends. The subiaucosa of 
this trifurcation remains united and gives an impression 
that all these three sublamellae are coining out from one 
root {Fig. 79). 

The hinder lamellae show tremendous nuciferous 
activity and are provided with enlarged submucosa along- 
with well composed mucosal zone {Figs, 92, 93). The 
dilation is visible. The nuciferous activity, in the 
terminal and middle zone of these lamellae as well as the 
floor of olfactory epithelium, can be successfully 
demonstrated in the present study of O. bacaila {Figs. 86, 
89 i 90 , 92 ) * 

The olfactory epithelium of Q, bacaila comprises 
of supporting cells, receptor cells, goblet cells and 
basal cells* 

The supporting cells? 

The supporting cells (X.) are richly distributed 

and provided with prominent nuclei which bear chromatin 
material and nucleoli. They are of two types? the cilia tod 
and aoaciliated supporting cells. The ciliated supporting 
cell possesses broad and columnar distal limb (DE. Cl. SC.) 
extending up to the free or peripheral surface where it 
mode bf well demarcated tip. The cilia are planted on the 




basal granules present on the terminal tips of ciliated 
supporting cells and projected into the in ter lamellar 
spaces. The nucleus (NU. Cl. SC.) of ciliated supporting 
cell has clear outline and takes dark stain of haematoxylin. 
The proximal limb of this type of supporting cell is not 
clearly traceable because of the presence of thick layer 
of basal cells beneath it (Figs. 81, 83 , 87, 89 , 90 , 91). 
These supporting cells are densely distributed in the 
proximal and middle region of initial and middle lamellae 
but rarely observed in hinder ones, floor of olfactory 
chamber and lamellaeless zone. 

The noncilia ted supporting cells (MCI. SC.) are 
observed in the hinder lamellae, floor of olfactory 
epithelium, knobs and curving* (Figs. 80 , 81, 84, 85). 

These cells are also observed intermingled among the 
ciliated supporting cells . The rtoneillated supporting 
cell is provided with a short body and almost spherical 
nucleus (HU. NCI. SC.). The nucleolus and chromatin material 
are not properly visible . The muciferous activity in non- 
clliated supporting cells is very prevalent and clearly 
observed in the middle and hinder lamellae as well as in 
the floor of olfactory chamber (Figs. 84, 85) . Due t® 
muciferous activity in noncilia ted supporting cells, seme 
zones ef middle and hinder lamellae and floor of olfactory 
chamber are commonly supplied with mucous secretory goblet 


Fig. 83. Longitudinal section of the lamella of 

g, bacai la showing swelling in the middle 
region wTQi pigmentation in submucota , 
Magnification X 400. 

Fig. 84. Transverse section of the rosette of 

g. bacaila passing through the floor of 
olfactory chamber showing micro and 
megagoblet cells. Magnification X 1000. 
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Fia. 87. Transverse section of the middle lamella of 

O. bacaila showing primary neurones, ciliated 
supporting cells, spindle shaped receptor 
cells and the elements of submucosa. 
Magnification X 1000. 


Fig. 88. Transverse section of the initial lamella of 
0. bacaila showing ciliation and receptor 
cells . Maqnif ication X 600. 
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cells (QC.) of different stages, some are filled with 
raucous and others are seen discharging it into the inter- 
lamellar spaces. The vacant theca of goblet cells are 
also visible, permitting a way for the migration of basal 
cells. The raucif erous activity of noncilia ted supporting 
cells is also observed at the point of curving (Fig. 81), 
clubbing (Fig. 79), knobbing (Fig. 80) and swelling (Fig. 
83) in different lamellar surfaces as these formations are 
possible due to the migration of basal cells. 


The receptor cells: 


The receptor cells are abundantly supplied in the 
olfactory epithelium of g. bacaila, lying at different 
depths. They can be distinguished as primary neurones 
(PN.» Figs. 86 , 87 , 88 , 89 , 90 ) and spindle shaped receptor 
cells (SB. , Figs , 86 , 89 , 90 ) , The rod shaped receptor 
cells are not visible in the olfactory epithelium of 
S* 


The primary neurones are richly distributed in the 
tips of lamellae as well as also observed intermingled with 
the supporting cells and spindle shaped receptor cells in 
the olfactory epithelium (Figs. 87 , 88 , 89, 90). They are 
distinguished from other cellular components by darkly 
stained and almost rounded nuclei (HU. PN.) with thin 
elongated dendrites (DU. PN.), reaching upto the peripheral 
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surface of the lamellae . Their existence Is also noticed 
in the posterior lamellae where supporting cells are seen 
transforming into goblet cells by their nuciferous activity 
(Figs. 89, 90). The primary neurones extend towards the 
central core or submucosa by their axons to join folium 
olf actorium (FI. OLF.). The primary neurones exist 
independently and no synapse formation is observed with 
any other receptor in the olfactory epithelium of Qu bacaila . 

The spindle shaped receptor cells (SR.) are 
uniformly and commonly observed in all the regions of 
olfactory epithelium and found distributed among the 
supporting cells. They are situated deep in the mucosa 
below the supporting zone, intermingled with basal cells . 

The spindle shaped receptor cell is having elongated body 
with oval nucleus (NU. SR.), The nucleus contains visible 
chromatin material and one or two nucleolus. This kind of 
receptor cell extends to the peripheral surface by a thick 
and well demarcated dendrite which is having expanded tip. 

The ciliary projection from the expanded tip of the 
dendrite represents the formation of olfactory vesicle 
which may bear one or more cilia (OCI.) or some microvilli 
projecting in the interlaroellar spaces (Figs. 82 , 86, 88) . 

The goblet cells: 

The goblet ssils (QE) are richly distributed in 
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the olfactory mucosa of middle and hinder lamellae of 
S* bacaila but in the initial ones they are absent . The 
goblet cells are produced by the nuciferous activity of 
basal and supporting cells. From their origin point of 
view, a distinction can be made into micro (MI. GC.) and 
raegagoblet (ME. GC.) cells. The former are produced with 
the result of mucif erous activity of basal cells whereas 
the latter from the supporting cells. The mucous discharge, 
in the interlamellar spaces, is quite prevalent and foreign 
material (FGN. MU.) is seen entangled within it (Figs. 87,90) . 

The megagoblet cells (ME. SC.) are very common In 
occurrence in the supporting zone (SC. Z. ) and formed with 
the result of nuciferous activity of supporting cells . The 
megagoblet cell is made up of elongated cup like theca (TH. 

ME. SC.) which some times possesses a beak (BK.) like 
projection in the interlamellar spaces (Figs. 86 , 89 , 92) . 

This may be a device for the easy discharge of mucous In 
the interlamellar spaces. The nucleus (MU. ME. SC.) is 
prominent, takes a dark stain and lies at the bottom of 
theca where chromatin material is visible. The megagoblet 
cells can be seen in different stages from formative stage 
to empty theca after the discharge of raucous (Figs. 84, 85, 

86, 88, 89, 90). 

The sdtcrogoblet cells (MI. SC.) are rare in 
but visible in the basal zone (BC. Z.) of the 



Fla. 89. Transverse section passing through middle region 
of hinder lamella of O. bacaila showing the 
presence of primary neurone, spindle shaped 
receptor cell and detailed cellular components 
of submucosa. Magnification X 1000. 

Fig. 90, Transverse section of the hinder lamella of 
0. bacaila passing through its distal region 
showing the details of primary neurone, 
spindle shaped receptor cell, ciliated 
supporting cells with special reference to 
dendrites of receptor cells terminating in 
the expanded tips bearing microvilli. Mucous 
entangling foreign material is also visible. 
Magnification X 1000. 
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91* Hoarr-dLzontal section of the rosette of 0. bacaila 
P aa ^ ssing through initial lamellae showing their 
at ^chment with raphe and maintenance of 

«arlamellar spaces. Magnification X 400. 

. 92. Lor* «3itudinal section of hinder lamella of 

Sv. faacaila showing turger for strengthening 
1 amelia * Magnification X 400. 
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Fig. 93. Horizontal section of the rosette of 

£• kacaila passing through raphe showing 
its cellular details. Magnification X 400. 

Fig. 94. Magnified photograph of the intact olfactory 
rosette of N. chi tala 7 
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olfactory mucosa of hinder lamella* and in th* floor of 
olfactory chamber. They are having rounded body with 
compressed nucleus where chromatin material is invisible. 
These goblet cells are produced in th* basal zone and 
ascend towards the periphery of mucosa for th# discharge 
of their mucous. The theca is short, somewhat spherical 
and can be clearly distinguished from megagoblet cells 
(Figs. 81, 82, 84, 92). 

The basal ceils: 

The basal cells (BC.) form three or four layers 
of basal zone (BC. 2.) just above the basement membrane 
(BM. ) . They are accumulated in the zones of curving, 
knobbing, swelling, clubbing and in the hinder lamellae. 

The basal cell is rounded or. oval in shape with darJdy 
stained nucleus (NU. BC.) and clearly visible cytoplasm. 

The basal cells exhibit a tendency of migration which leads 
to take the shapes of specific formations,. The knobs are 
seen pooled with basal cells which in later stages cause 
tho elongation of lamellae (Figs. 80, 81, 82, @3). In 
well composed lamellae they are present in regular layers , 
demarcated as basal zone (Figs. 79 , 91, 93} but in other 
zones of mucosa these cells exhibit some formative activity 
(Figs. 81, 83, 86, 89, 90, 92). The basal cells also reveal 
positive nuciferous activity in the terminal tips and other 
parts of the floor of olfactory chamber (Figs. 82, 84, 92) . 
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The central core or submucosa t 



The submucosa (SM5A. ) exhibits great variation in 
its development, ranging from narrow and well composed 
central core of initial lamellae to enormously broad and 
scattered in hinder ones. It is filled with dense 
connective tissue fibres (CON. TI. FIB.). The connective 
tissue of central core of lamella is in continuation with 
the central core of raphe (Figs. 77, 78, 79, 91, 93) 
through which nutritional, nervous and supporting supply 
Is attributed to the distal region of the lamellae. In 
the hinder and in some middle lamellae, the connective 
tissue fibres are intermingled with other contents of 
matrix, taking the shape of turger (TUR., Fig. 92) which 
provides support to enormously developed hinder lamellae 
and keep them straightly projected through posterior nasal 
opening for constant exposure to water. In the condition of 
trifurcation, the central core is completely trifid from the 
base of the mother lamella and ultimately remains communicated 
with the central core of raphe (Fig. 79). The submucosa of 
0. bacaila is supplied with basal cells (BC.), fibroblasts 
(FBC.), histiocytes (HIS.), pigment cells (PIG.) , blood 
capillaries (BCP.) and different types of connective tissue 
fibres (Figs. 81* 83* 86, 87, 88, 89, 92). 
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The raphe: 

Unlike 0. bimaculatus and N. chltala . the raphe 
of 0# bacalla is made up of nonciliated and ciliated 
epithelium which is supplied with spindle shaped receptor 
cells, bearing olfactory cilia. The leaf shaped narrow 
raphe bears closely packed lamellae on its either sides . 

The subraucosa is broad and lined on both the sides by a 
well demarcated basement membrane which is in continuation 
with the lamellar outgrowths. This gives a wavy appearance 
to the submucosa, basement membrane and the cellular 
epithelial lining of the raphe . The submucosa of raphe 
is filled with connective tissue which is supplied with 
fibroblasts, blood capillaries, pigment and basal cells. 

The nerve fibres can also be seen in the submucosa of 
raphe . The mucosa is lined by ciliated supporting cells 
which are rarely alternated by receptor cells , Due to 
the supporting and sensory nature of raphe, it may probably 
be assumed as a central lamella, giving rise to number of 
lamellae in 0. bacaila (Figs, 77, 79, 91, 93). 
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The natal openings: 

Each olfactory chamber characteristically bears 
two nasal openings , anterior inlet and posterior outlet 
which are separated by nasal flap or bridge. In fishes 
sense of realisation of odorants and other chemical 
substances is through the water current, passing regularly 
in the olfactory chamber . This sense of realisation is quite 
different from the higher vertebrates where sense of 
olfaction is realised through the breathing air, Dipnoans, 
Holocephalids and Elasmobranchs have external nostrils which 
lead to the buccal cavity either in the form of short canal 
or deep naso-oral groove. In Petromyxon, the naso-oral 
groove Is blind but in Hag fishes It opens into the buccal 
cavity (Norman, 1963), 

Elasmobranchs have a pair of slit like nasal 
openings on the ventrolateral side of the snout. The flap 
of skin extending across the middle of each nostril nor* or 
less completely divides it into two parts. The two nostrils 
are so adjusted so that one serves to intake the water and 
other for exit (Allison, 1933 1 Lagler e& el ,, 1962; 

Malyuklna 1969# Kara, 1975). Zn bony fishes the 

nostrils are usually situated on the dorsal side of the head. 
Each is divided into incurrent and exeurrent passages, A 
diroot connection between the nasal sac and the mouth cavity 
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by means of nasal passage, is reported for the first time 
in Dipnoans (Bertmar, 1965) . In all the teleoats including 
eels, family Echelidae and opichthidae (Atz, 1952) . The 
internal and external nostrils lie at the opposite ends of 
the nasal passages and having no connection with the buccal 
cavity. 

According to Bateson (1889), Bume (1909), Teichmann 
(1954), Kiser ekoper (1969), Norman (1963), Lagler (1963), 

Hsra (1975), the olfactory chamber of most of the bony fishes 
bears two nasal openings which show considerable variation 
in their shape, size and location . In some fishes anterior 
nasal opening is widely separated from the posterior while 
in others they lie very close to each other* Cichlids 
(Cichlidae) and certain Wrasses (Labrldae) have single nasal 
opening in their olfactory chamber (Norman, 1963). 

Among recent fishes, only Scalpins, Coitus (lagler 
$1 Si,., 1962), Gasterosteus (Pipping, 1926 j lagler e& a^., 
1962) i Quab (Pipping, 1926? Hermann, 1933) | Xenentodon 
(Gupta and Srivastava, 1973; Singh, 1972) possess single 
naeel opening in their olfactory chamber. According to 
Bume (1909) the presence of single nasal opening nay be 
the condition created by the elevation of the floor and 
subsequent rupture of the bridge between the nostrils* 


In th. prosmt study of jja,n&» laftte, Ow** 
MwanStt, W.'toVJWff. and b««aU«. th* 



olfactory chambers of all these four fishes bear incurrent 
anterior and ex current posterior nasal openings. The 
anterior nasal openings in 0. bacaila and g. bimaculatus 
bear tube. Bum® (1909) reported that the anterior tubular 
opening is the characteristic of the flat fishes, eels, 
siluroids and Ophiocephalids . The presence of anterior 
tubular nasal opening in Sllurold, 0. bimaculatus support 
the Burns* s (1909) statement. However, the presence of 
anterior tubular nasal opening in g. bacaila contradicts 
the Buxne's (1909) finding. Bateson (1889) » Kapoor and Ojha 
(1973b) advocated that anterior tubular nasal opening is 
characteristically present in fishes, with predominantly 
developed olfactory faculty* Kapoor and Ojha ( 1972a, b) 
reported that when anterior end posterior nasal openings 
are separated from each other by some distance, the former 
is invariably borne on a tube. The statement of Bateson 
(1889), Bums (1909), Kapoor and Ojha (1972a and 1973b) , 
seems justified as g. bimaculatus (in present study) , 


armatus, agaatus, (Sharma, 1981), Mystus vitatus (Rixvi a&., 
1984) are macrosmatic fishes with anterior tubular nasal 
openings* g. bacaila. possesses anterior tubular nasal 
opening, also reveals remarkable value of olfactory sense 
from the point of view of ecological coefficient, calculated 
by area method. The concept of Kapeer and Ojha (1972a and 
1973b) tan not be generalised as |[. chltaja (of present study) 
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N. notooterus (Sharma, 1981} with non- tubular anterior 
nasal opening also axhihit macrosmatlc characteristic . It 
can ba further mentioned that in N. Chita la anterior and 
posterior nasal openings lie at a considerable distance but 
anterior nasal opening is nontubular, contradicting the view 
of Kapoor and Ojha ( 1972a, b) . The idea of Bateson (1889), 
Burnt (1909) and Kapoor and Ojha (1972a, 1973b) regarding 
the presence of tubular anterior nasal opening in fishes 
with predominantly developed olfactory faculty, is in 
accordance with the present finding as O. blroaculatus with 
anterior tubular nasal openings, exhibit macro sma tic 
character. Although 0. bacalla with tubular anterior nasal 
opening is eye-nose fish but the value of olfactory area is 
considerably higher. In 2$. chltala. the distance between 
anterior and posterior nasal opening is quite considerable 
and extend from the tip of snout to the eye orbit. Anterior 
nasal opening In chltala is thickly rimmed and equipped 
with nasal tentacle which acts as an instrument for 
deflecting the water to the anterior nasal opening . In 
living fish slight directional movement is also observed in 
the nasal tentacle which seems to coordinate the entry of 
water with the forward swimming of fish. The nasal tentacle 
is ventxmlly grooved and anteriorly expanded ( Sterba , 1982) , 
In ft* the tube of anterior nesal opening Mugs 

•vet the upper lip and projected forwardly, taking the shape 
of the tip of the tusk. nandus bears nontubular anterior 
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nasal opening which is thickly rimmed and situated very close 
to the posterior nasal opening. This is in accordance with 
the finding of Burn© (1909) as N. nandus exhibits poorly 
developed olfactory faculty bearing non tubular anterior nasal 
opening. In this fish it seems that unarmed anterior nasal 
opening is due to protrusible habit of jaws which can power- 
fully force water to the olfactory chamber through the 
anterior nasal opening . This simplification of anterior nasal 
opening is also due to Hie presence of ethmoidal and lacryroal 
accessory nasal sacs which can directly suck the water by 
their suction activity. 


In g. bacaila the anterior nasal opening is in the 
form of a short tube which extends backwardly in the form of 
expanded nasal flap. This acts as a partition in between the 
anterior and posterior nasal openings, directing the water to 
the olfactory chamber through anterior nasal opening . 

Branson (1963) reported in Hybopsls qellda and ft. aestivalis 
that anterior nasal opening lies on a slight protuberance 
and partitioned from the posterior nasal opening by a nasal 
flap. The nasal openings and nasal flap In O, bacaila are in 
accordance with Bums' s (1909) nostril column IV. According 
to Bums (1909) and Teichmann (1954) the nasal flap is 




E, denricus . the presence of nasal flap and close situation 
of nasal openings is the characteristic of cyprinids. 

The nasal flap in 0.. bacaila dips into the 
olfactory chamber by a curtain like extension, dividing the 
olfactory chamber into anterior and posterior halves. 

Similar condition of nasal flap is reported by Branson (1963) 
in |J. qellda and H. aestivalis . Ojha and Kapoor (1973a ) in 
Labeo rohita . Sharma (1981) in C. carolo . In Garra qotvla 
(Ojha and Kapoor, 1971) the anterior nasal opening is 
bounded by distinctly formed lip which Is projected in the 
form of a duct but there is no ventral extension of nasal 
flap into the olfactory cavity. In Glvo to thorax telchitta 
(Ojha and Kapoor, 1973b) the nasal openings are separated 
by backwardly directed nasal flap which serves to prevent 
the entry of water through posterior nasal opening . 

In nandus. N. chitaia . Q. bimaculatus and 
Q.* bacaila. the posterior nasal opening is prominent and 
flushed with the general surface of the skin of the head. 

In all these four fishes the posterior nasal openings show 
considerable variation in their shape and sizes. It may be 
either oval (N. nandus and chitaia) or irregular and wide 
(&. bimaculatus ) or semilunar (0. bacaila ) . Bum* (1909) and 
Malyuklna (1969) also found that the shape and sizes 

of posterior nostril vary significantly In different specie*. 
Hereevor# Bum# (1909) stated that Carps, Salmons and Herrings 
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characteristically possess crescentic posterior nasal pore. 
However, Gerra gotvla (Ojha and Kapoor, 1971), rohita 
(Ojha and Kapoor, 1973a) , C. carpio and E. denricus ( Sharma , 
1981 ) bear almost oval or roughly semicircular posterior 
nasal opening. Singh (1972) in Botia dario also found oval 
posterior nasal opening. Thus Buxne’s (1909) finding as 
crescentic posterior nasal opening in carps seems sweeping 
generalisation. 

In £. bimaculatus posterior nasal opening lies on 
irregular area of integument which extends over it giving a 
valvular shape and shows slight movement in its surface in 
* all the states ( Swimming or stationary) of the fish. This 

is in agreement with the finding of Sharma (1981) in 
Masta cembalus ermatus armatus where posterior nasal opening 
is covered with loose skin and continuously performing 
valvular movement in its surface. The posterior nasal 
opening in f|. nandus is wide and oval. It remains covered 
with a skin extension, taking the shape of a valve. The 
posterior nasal opening in this fish is a complex structure 
which bears the openings of ethmoidal and la crystal accessory 
sacs just below it. The posterior nasal opening in N. chi tala 
is armoured fey the head bones, ftostrally it Is guarded fey 
posterior extremities of nasal and adnasal bones whereas 
caudally by the anterior extremities of upper and lower 
longitudinal ridges of frontal. This artifact is for bearing 
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the pressure of speedly circulating water current which 
passes out through posterior nasal opening (Gregory, 1931) . 

The presence of valvular posterior nasal opening in 
U. nandus is in agreement with the finding of Bum* (1909) » 

"a valved condition (nostrils column V) is found chiefly 
though not solely (some siluroids) in fishes provided with 
accessory nasal sacs and form part of general mechanism for 
drawing water forcibly into the olfactory chamber through the 
nasal openings*. Ojha and Kapoor (1972) and Kapoor and Ojha 
(1973), Sharma (1981) reported valvular posterior nasal 
opening in Walla go attu. Cvnoalossus ollaolepis and H. fossllls 
respectively but in these species the accessory nasal sacs 
are absent. Same is the condition in Q. bimacula tus (in 
present study) . Bateson (1389) , Kyle (1899), Bum® (1909) , 

Van den Berghe (1929) , Llermann (1933), Matthes (1934) , 

Gooding (1963) suggested that posterior nasal opening is 
usually valvular in the fishes where two nasal openings 
(anterior and posterior) are situated at a considerable 
distance. In the present study N. chi tala bears nonvalvular 
posterior nasal opening whereas both the openings are 
distantly situated but in M, nandus where both the openings 
are very close, posterior nasal opening it valvular. 

In £. bacail,.| and nandus both the nasal openings 
are situated vary close to tach other but the posterior is 
considerably larger than the anterior. Johnson and Brown 
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( 1962 ) in Sabas todes melanges. Ojha and Kapoor (1974) in 

Mf* 

Sisor rhabdophorus and Ftahoani (1979) in Corax oblonaus 
reported that whenever the two apertures are closely situated, 
their size discrepancy become minimum. Contrary to this 
0. bacaila (in present study) , C. carpio and j|. denricus 
(Sharma, 1981) possess closely situated nasal openings but 
they exhibit great discrepancy in their size. In 0. bacaila 
and jtf, nandus the posterior nasal opening is remarkably wide, 
covering most part of the olfactory chamber through which 
lamellae can be peeped into. Branson (1963) reported 
considerably wide posterior nasal opening in H. qelida and 
g E* aestivalis. Rahmani (1979) observed poorly developed 

nasal flap in posterior nasal opening of Ephloous orb Is but 
rarely found in the form of tube. Tubular posterior nasal 
opening is only observed by Bume (1909) in Muraena helena . 

I* tlqrjrtg and Kapoor and Ojha (1972a) in Mura eng undulata . 
Rahmani (1979) was of the view that all these species of genus 
Muraena are same and wrongly described In the form of different 
species by Bume (1909). 

The author is of the opinion that in most fishes 
anterior nasal opening is situated above the surface of the 
head, projecting forward end upward either in the form of 

'■-V'” thick rim, or border or tube or thickened margin or lip or in 

the form of some protuberance but posterior is generally 
flushed with the surface of the skin of head. This nay be a 
device for currenting the water circulation unidirectionally 
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which can aasily enter through anterior natal opening and 
exit through posterior, The olfactory epithelium always 
remains in contact with water as those of gills vtoich is 
facilitated by creating constant circulation of water through 
olfactory chamber. The placement of anterior and posterior 
nasal opening is so arranged that former Is having elevated 
position while the latter flushed with the general surface 
of head. Such arrangement of both the nasal openings brings 
about the entry of water from anterior and Its exit from the 
posterior synchronously with the forward progression of fish 
and jaw movement. 

According to Doving and Thommesen (1977) the 
olfactory passage in fishes is dlagrammatlcally divided into 
anterior vestibule and posterior gallery* Both these 
divisions remain connected with corridors which are the 
Interlamellar spaces in between the lamellae of a rosette. 

On the basis of above division Doving et al, {1977) demonstrated 
that an unidiractlonal water current passes from vestibule 
to gallery via corridors. In view of the mechanism employed 
for the transportation of watar through olfactory chamber, 
fishes can bt grouped as Isosmatas and Cyelosmatas (Doving 
jfcik, 1977 ; Doving and Thommesen, 1977). In the former 
group, they placed carps, roaches, cat fishes, eels and 
recklings where only ciliary action is responsible for the 
creation of water current while in latter compression and 
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expansion of accessory nasal sacs cause the water to circulate 
through the olfactory chamber. Doving e£ al. (1977) also 
mentioned that In cyclosmate fishes, the olfactory passage Is 
not divided into vestibule and gallery. In the present study 
Q. btcalla. without accessory sacs and 1$. nandus with 
accessory sacs exhibit almost similar type of olfactory 
passages whereas according to Doving e& eJL (1977) former Is 
isosmate and latter cyclosmate. In both the fishes olfactory 
chafer is confined to a short area on the head. In bacalla 
olfactory chamber is provided with anterior tubular and 
posterior semilunar nasal openings, leaving no space for the 
formation of vestibule and gallery. The author is of the 
opinion that division of olfactory passage, as mentioned by 
Doving al* (1977) and Doving and Thoonesen (1977), is 
based on the morphological structure of the olfactory chamber 
in accordance to the shape of the head and not on the basis 
of the presence or absence of the accessory nasal sacs. 

&,* blnatula.tus and chi tala are provided with well defined 

vestibule, corridors and gallery. In both these fishes 
accessory sacs are absent. 

In the present study it is advocated that elongated 
olfactory chamber exhibits well defined distinction of 
vestibule, corridors and gallery. This can be confirmed with 
the present study of blmaculatus, ehltala and in 
E* fossills fSharma, 1981) . 
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Keeping in mind the idea of Doving ej. a,L. (1977) 
and Doving and Thomesen (1977) the author ha* evolved the 
term "meso senates" and put N. chitala and Q,. blmaculatus 
under this group. In view of present study mesosraate fish#* 
are devoid of accessory nasal sac* but provided with 9 
larger lamellaeless area which assists in maintaining the 
continuity of water circulation through the olfactory chamber. 
The placement of N. nandus. under the category of cyelosmate 
fishes is in accordance with the findings of Doving et 
(1977) and Doving and Thommesen (1977) where well developed 
accessory nasal sacs are present, with the result vestibule 
and gallery become insignificant. 

The olfactory rosette: 

The organs of olfaction are represented by a pair 
of olfactory sacs (chambers) which in sharks and rays located 
on the ventral surface of the head. The olfactory chambers 
are lined by the olfactory epithelium which Is raised from 
the floor of the organ into a complicated series of folds or 
lamellae to make • rosette (Kara, 1975). The shape of the 
olfactory rosette varies greatly in different species. 

Bateson (1889) distinguished four types of rosettes (1) in 
skates and dog fishes lamellae are arranged in a radiating 
manner like the septa of an or Cange , (ii) in conger and eel 
the lamellae are arranged in two rows, on either side of the 
central raphe, (iii) the lamellae are fitted together in e 
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radiating manner forming a convex eminence In the olfactory 
chamber, it is either circular ( Coitus. Motella mustela etc.) 
or elliptical (mackeral etc. ) , such type of rosettes are 
most common in fishes, (iv) lamellae are arranged in a single 
row generally parallel to the long axis of the body of fish, 
the raphe is absent e.g. , Solea, Pleuronectes etc* 

Bum* (1909) reported three types of olfactory 
rosette : oval (in most of the fishes) , rounded (in Esox ) . 
an elongated (in Anguilla ) * Fishes with rounded rosette 
normally have a few lamellae and usually show little response 
to the sense of olfaction. Species with oval rosette are 
most common but fishes with elongated rosette show dominantly 
developed olfactory faculty. Among fifty two genera , studied 
by Burnt (1909), the oval rosette was present in thirty two 
genera, elongated in seven and circular and parallel rosette 
in three each. In few genera like Belone. Herairhammis . 
Exocoetus and Loohius , the rosette was found absent (Burnt, 
1909). 

Teichmann (1954) has attempted to show that the 
oval (Bateson's, 1889 rosette type 3; Burnt* s, 1909 rosette 
column I), circular (Bateson's, 1889 rosette type 3$ Bume's, 
1909 rosette column III) and elongated (Bateson's, 1889 
rosette type 2j Bume's, 1909 rosette column II) rosettes 
can he linked with his own (Teichmann, 1954) first* second ■ 
and third group of the eye~nose, eye end nose fishes 
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respectively, Teichmann (1954) explained that fishes with 
oval rosette possess equally developed eye and nose faculty, 
circular rosette with predominantly developed optic faculty 
and elongated rosette with predominantly developed olfactory 
faculty. 

The position of the olfactory chamber and the shape 
of olfactory to sett© varies greatly in all the four fishes, 
selected for this research work. The olfactory chamber is 
close to eye orbit (N. nandus) . close to snout (£. bimaculatus) 
in between the snout and eye orbit (Q,. bacatla ) and extending 
from snout to eye orbit (N. chi tala ) . In 1£. chi tala the 
olfactory chamber is very much specialised for considerably 
broad and long olfactory rosette. The snout of chi tala, 

with respect to accommodate such rosette, takes a sharp curve, 
leading to the elongation of snout unlike fj. notooterus . 
According to Hara (1975) eels and morays have large olfactory 
chamber on the dorsal surface of the head, extending from 
•ye orbit to snout. Similarly M. armatus armatus is provided 
with exceptionally elongated snout wherein olfactory chamber 
is of the same length and width (Bhargava, 1959* Sharma, 1981), 
Kapoor and Qjha (1972a) reported in attu that olfactory 
chamber occupies dorsal position of the head but lies close 
to snout, Kapoor and Qjha (1972, 1973) ale© reported in 
B mm . and Ohanna £unctatus that olfactory chamber 

extends fro* eye orbit to snout, Branson (1963) in If, gellda 
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and |J. aestivalis. Ojha and Kapoor (1971, 1973) in Garra 
gotvla and L. rohita. Sharma (1981) in C. carpio and 
E» denricus. in present study Q. bacaila found the olfactory 
chamber close to eye orbit than the snout and all these 
species belong to group Cyprinidae. Therefore, author is of 
the opinion that in carps, it is generally situated close to 
eye but cat fishes like W, attu (Ojha and Kapoor, 1972a), 

H. fossills (Sharma, 1981) and 0. bimaculatus (in present 
study) possess olfactory chamber close to snout. The 
position of olfactory chamber is generally modified with 
the elongation of jaws as reported in eels and Moray# (Kara, 
1975), ||. undulata (Kapoor and Ojha, 1972) and M. araatus 
armatus (Bhargava, 1959 i Sharma, 1981) and subjected to Its 
elongation from the tip of snout to the eye orbit. Similar 
is the condition in *$. chltala (in present study) . nandus 
is a highly predaceous fish, provided with widely extensible 
jaws, with the result olfactory chamber is modified accordingly 
and substituted with the presence of highly extensible 
accessory nasal sacs. As buccal apparatus of this fish is 
vigorously operable and premaxilla occupies a wider frontal 
part, subsequently olfactory chamber is pushed back close to 
eye orbit in a contracting manner. 

The olfactory rosettes, in all the four fishes under 
present study, are subject to great modification with the 
shape end site of olfactory chamber. It is rounded (in 
&• bacaila) . elongated and roughly leaf shaped (in &»&taSSt* 
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latus) .boat shaped (in chi tala ) and quadrangular (in 
E* nandus ) . Due to elevated adnasals and nasal In N. chltala 
the olfactory chamber acquires a considerable depth and 
elongation, with the result rosette within it becomes 
specialised and takes a shape of boat. In N. nandus the 
rosette is quandrangular restricted close to eye due to the 
protrusible nature of Jaws. 

On the basis of categorization of Bateson (1889) > 

Bum* (1909) and Teichmann (1954) the roughly leaf and boat 
shaped elongated rosettes of 0. blmaculatus and N. chltala 
can be placed under Bateson’s (1889) rosette type 2; Bum*'* 
(1909) rosette column II and Teichmann* s (1954) group III. 
Hounded rosette of 0. bacaila under Bateson’s (1889) rosette 
type 3, Burne’s (1909) rosette column III and Teichmann ’ s 
(1954) group II. The rosette of & nandus is quadrangular 
and so much compressed, with most of its part lamella eless 
and peculiarly substituted with well developed accessory 
nasal sacs. Such a rosette can not be fit in any of the 
categories of Bateson ( 1889 )» Bume (1909) and Teichmann (1954), 
The placement of the rosette of ff. chltala in the above 
categorization is not very much Justified as it has acquired 
a considerable height with the erection of nasal and advtasal 
bones on both the lateral sides of the rosette, 

Kapoor and Ojha (197Xb) and Ojha and Kapoor (1973b) 


reported oval rosette in GgSEg. flg&U •«<* CtotetfaMMi. 
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telchltta . having predominantly developed olfactory faculty. 
Bertmar (1972b) suggested that both macro sma tic as well as 
microsmatie fishes may possess oval rosette and thus shape 
has no concern with the efficiency of the olfactory rosette. 

In the present study N. nandus with quadrangular 
rosette reveals poorly developed olfactory faculty but 
S* chlta la with boat shaped elongated rosette is having 
excessively developed olfactory faculty, g. blmaculatus 
and g. bacaila also exhibit well developed olfactory faculty. 
The optic faculty of these two fishes and N. chita la is also 
considerably developed which may be an addition in the 
efficiency of these fishes. The olfactory faculty in 
N. nandus is morphologically giving an idea of its regression 
which suits to its predaceous habit as it visually targets 
the fish and other prey for engulfing them within its 
protruslble jaws* Olfactory rosette is supplemented with 
accessory nasal sacs which may bear the pressure of strong 
water current during protrusing activity of Jaws. |f. nandus 
can swallow fishes of half of its own sire which can only be 
possible by visually objecting them. Although g. bacaila 
numerically shows greater development in olfactory faculty 
but the area of two retinas is also relatively net as much 
different as in ether fishes of the present investigation. 
Therefore* this fish may be put in ths category of eyeries t 
fish where both the faculties are almost equally developed 
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and helping the fish in discharging its activities of 
defence, schooling, courtship and feeding etc. 

The rosette, in the fishes of present study except 
N. nandus . is provided with anteroposterior thickening , 
called raphe . It is short and broad in O. bacaila . elongated 
and thin in N. chi tala and bimaculatus . The raphe of 
2L* bacaila histologically reveals similar structure as those 
of other lamellae. Hence this may be treated as central 
lamella and acts as an instrument for permitting the attach- 
ment of all the lamellae. The raphe of bimaculatus and 
N. chltala exhibit different histological picture as compared 
to lamellae. In both the fishes the raphe is made up of 
nonciliated single layered columnar and basal cells* The 
vascular and connective tissue etc. supply is through raphe . 

In Q. bacaila. vascular, connective tissue and other supplies 
are in all the lamellae and raphe reaching from one point of 
the rosette and diverging in all the lamellae uniformly. 

Mucous secretory cells are also rarely visible in the rsphe 
of Q,. bacaila . Branson ( 1963 ) In qojLida and g. aestivalis 
recalled it as central lamella, possessing ciliated and 
sensory cells but Kapoor and Ojha (1973) in Jj. rohita 
described it as nonsensory, nonciliated and nonsecretory 
structure, permitting the attachment to other radial lamellae. 
Shaxsta (1981) reported that the raphe in &. denricus l« 
histologically identical to its lamellae but in caxoio. 
g. f OS sills and N. notooterus. it differs in histological 
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composition with their lamellae. The raphe is observed by 
various workers (Bum®, 1909 j Sheldon, 1911* Tret'yakov, 
1939; Teichmann, 1954). Bume (1909) reported the presence 
of raphe in forty two fishes out of fifty two. The author 
is of the opinion that raphe may be a modified lamella or 
it may be exclusively made up of the thickening of the floor 
of olfactory chamber. In both the conditions it permits 
attachment to the lamellae in different ways. It may be 
further concluded that fishes having elongated rosette may 
possess raphe as the thickening of the floor of olfactory 
chamber but In ease of circular or oval rosette the raphe 
may be a modified lamella . 

It is observed that rapheless fishes possess 
comparatively lesser number of lamellae as in Xenentodon 
candle, one lamella (Singh, 1972)* Saba stodeg melanops , 
thirty lamellae (Johnson and Brown, 1962)* Sea trout, 
fourteen to sixteen lamellae (Bertmar, 1972) * Channa 
punctatus. twelve to twenty four lamellae (Kapoor and Ojha, 
1973a) * An abas tastudineus . seven to ten lamellae (Rahman! 
and Khan, 1977) * Tetradon patoca, two olfactory flaps (Risvl 
and Khan, 1980) and if, nandus, seven to ten lamellae (in 
present study) . 

The anther is of the view that rapheless fishes 
possess regressed olfactory organ as compared to the fishes 
bearing raphe* Although some of the fishes having raphe 
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also show microsmatic character, however, they are not a* 
regressed as the rapheless fishes. Sharma (1981) reported 
microsmatic E. denricus but it is not as regressed as the 
fish devoid of raphe. Raphed fishes in majority exhibit 
macrosmatic character which indicates that raphe is an 
additional structure, increases the olfactory surface and 
permits the attachment to the lamellae. It also facilitates 
proper reception of sensation through the water current. 

The number, location , form and degree of development 
of folds (lamellae) in olfactory rosette of bony fishes vary 
significantly (Bums, 1909 i Hermann , 1933 j Hara, 1975 j 
Kapoor and Ojha, 1972, 1973) . The largest number of lamellae 
was observed in Haplopaarus quentheri (Pfeiffer, 1964) where 
olfactory rosette is provided with 230 lamellae in a fish 
480 mm of length . The olfactory rosette of Barbot is 
provided with more than 50 lamellae (Teichmann, 1954), 
Japanese eel ( Anguilla anguilla ) with 70 lamellae (Shlbuya, 
1960), Bream 34-36 (Bodrova, 1962), f|. fossils with 46*64, 

N. mS&S&SSM. c. SMSEiS. 24-36 and g. arroatus araatus 

with 154-240 lamellae (Sharma, 1981). In each case there is 
a successive Increase in the number of lamellae as the site 
of fishes increases. 

In the present study the rosette of bacaila 
bears 22*32, £. bimacula tus 64-104, nandus 7-10 and 
g* chitala 76-152 lamellae. In all these fishes lamellae 
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show a trtnd of successive Increase in their number with the 
growth of a fish. 

Yamamoto and Ueda (1977# 1978a,b,c,d,o) reported 
that the arrangement of lamellae in a rosette is either in 
two rows on each side of the raphe or in a single row, 
arranged parallel to the long axis of the body or coming out 
from a single point. Kapoor and Ojjha (1973) in Channa 
punctatus and Rahmanl and Khan (1977) in Anaba* tostudlneus 
reported the parallel arrangement of lamellae in a single 
row. Buxne (1909) , Teichmann (1954), Branson (1963), Qjha 
and Kapoor (1971, 1973a ,b, 1974) and Kapoor and Ojha (1972, 
1973), Sharma (1981) observed that most of the fishes bear 
two rows of lamellae on either side of raphe. 

In present study most accepted arrangement of 
lamellae in two rows on either side of raphe is observed in 

a- 'tent# a* toiffi&kto *« d e* E* asste the 

arrangement of lamellae is of peculiar type, roughly in the 
form of lotus petals. In this fish quadrangular rosette is 
befitted in the olfactory chamber but bears lamellae on its 
anterior side, leaving posterior part iaaellaelesa. The 
lamellae in all the forms of present study are so arrsngod 
that interlaaellar spaces axe maintained in between the two 
lamellae and permit the water circulation through than. 
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The number of lamellae in N. chi tala is considerably 
higher ranging up to 152 in a fish of 531 am total length and 
0. biraaculatus upto 104 in s fish of 273 am total length. 
Sharma (1981) reported highest 240 lamellae in M. armatus 
armatus. prior to him Pef iff er (1964) reported 230 lamellae 
in Haolopagrus quentheri . The author is of the opinion that 
fishes which attain greater length may bear large number of 
lamellae with considerable variation In number of lamellae 
with regards to the length. In present study Q, blma pula, tut, 
and N. chlta la show greater range in their lengths , with the 
result the number of lamellae increases remarkably. This 
finding is in accordance with Sharma (1981) In M. armatus 
armatus and Pfeiffer (1964) in Baplopaqru* guenthert . 

The author observed that the lamellae show a clear 
cut increase in their number with the total length of all the 
fishes In present Investigation and it is an agreement with 
the findings of Bateson (1889). Burn® (1909), Hermann (1933), 
Teichmann (1954), Eaton (1956), Johnson and Brown (1966), 
Pfeiffer (1963, 1964), Kleerekopper (1969), Ojha and Kapoor 
(1971, 1972, 1973a ,b, 1974) , Kapoor and Ojha (1972a, 1973a, b), 
Hara (1975), Doving and Thonaaesen (1977), Sharma (1981). 
However, Pfeiffer (1962) in Onchorhvncus reported that the 
number of transverse lamellae Increases with the growth of 
the fish upto a certain extent and then it remains relatively 
constant* Rahaani and Khan (1977) found that in adult 
4* tj— Aidlaaue. tho number of lamellae varies tram 7-10 and no 


134 


correlation can be established between the number of lamellae 
and the size of fish. Davitsyna (1972) stated that the 
number of lamellae remains relatively constant and is a 
characteristic of each species. Consequently, the enlarge- 
ment of receptor surface is at the expense of an increase in 
the area of lamellae and not in their number. The author is 
of the opinion that increase in the number of lamellae with 
the size of fish is a characteristic of olfactory rosette 
but after attaining an optimum length or size, the number of 
lamellae either becomes constant or varies marginally, 

Bume (1909) reported "considerable differences 
are apparent in the shape of individual lamenae of the 
rosette. Starting from the type presented in Gteddus as a 
centre (rosette, column V), one lint of variation leads by 
the suppression of the peripheral part of lamens and the 
exaggeration of the lingulform process (rosette, column VI) 
to a claw like shape which Is peculiar characteristic of the 
rosette of Salmonidae and Clupeidaa". 

In present work the lamellae of £>. bimacula tus end 
ehitala bear lingulform processes, which are mere prominent 
and occupy dorsomedian region of the lamellae in latter while 
In former they are in the form of thick protuberances , 
having dorsomedian position slightly towards the distal ends. 
The author is in agreement with the finding ef Bume (1909) 
that they come out with the result of suppression of the 
lamellae and subsequently exaggerating in the form ef 
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linguiform pro cesses. The lamellae of N. chi tala, with the 
result of suppression and exaggeration, take the shape of 
plough while in 0. blmaculatus in the form of saw. In 
g. bacalla the lamellae are subjected to sharp suppression 
on their dorsal surface which make them concave uniformly 
and therefore, the question of formation of linguiform 
processes does not arise. In N. nandus the lamellae 
directly emerge out from the floor of olfactory surface 
and thus exhibit no trend of suppression and exaggeration . 
Linguiform process, termed as "thumb" by Dovlng Si* (1977), 
divides olfactory chamber into central and peripheral 
channels. In N. chltala and Ou blmaculatus linguiform 
process divides the olfactory chamber into central and 
peripheral channels but in Q. bacalla It Is undivided due 
to absence of linguiform process* In N. nandus there is no 
such formation of central cavity of olfactory chamber 
because it is rapheless and devoid of linguiform process. 

Dovlng e£ al, (1977) diagrammatically divided the 
olfactory passage into vestibule, gallery and iitbatween these 
two, lnterlamellar spaces called corridors where ciliary 
movement Instruments the water current unidirectiorkally, 

Dovlng ahd Thommesen (1977) on the basis of water circula- 
tion through olfactory organ divided the fishes as Isosmetes 
and eyciosmates. The former group of fishes operates the 
water circulation through the olfactory chamber by the 
beating of cilia while in latter group with the help of 
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accessory nasal sacs. In accordance with Doving e£ al. (1977) 
the diagrammatic division of olfactory passage in N. chitala 
and g. bimaculatus can be distinctly identified as gallery# 
corridors and vestibule. In former fish gallery is 
prominent# constructed with the confluence of lamellaeless 
area of olfactory rosette with the posterior nasal opening 
whereas in latter vestibule is more prominent because of the 
tubular anterior nasal opening . The corridors in both the 
fishes are more prominent end ciliated, having a considerable 
depth in N, chitala due to the elevated posture of the 
olfactory rosette while in g. bimaculatus they are of 
moderate depth. Q. bacalla possesses insignificant vestibule 
and gallery because of the restricted position of olfactory 
chamber and extraordinary wide posterior nasal opening, 
permitting constant water touch with the lamellae, and 
keeping them permanently exposed to the medium. The corridors 
in this fish are present and dilation Is observed in inter- 
lamellar spaces. In g, nandus the olfactory rosette is pushed 
backwardly due to pro true ibis activity of Jaws, consequently# 
the olfactory passage becomes contracted and supplemented 
with the accessory nasal sacs. In view of the classification 
of Doving and Thomraesen (1977) N. nandus falls in the category 
of Cyclosmate whereas g. bacail^ g, 2&||A& and g. bimaculatus 
under isosmate. In the present study g. chitala and 
ft* bJUa.aftal.aM8. are put under the category of mssosnatee at 
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they are provided with lamellaeless area, compensating the 
absence of accessory nasal sacs. In former the lamella eless 
area of rosette in confluence with posterior nasal opening 
plays an important role in drawing water to the olfactory 
chamber whereas in latter it surrounds the rosette all 
around and maintains continuity of water circulation. 

Ecological coeff icient : 

In all animals except the most primitive ones, 
behaviour is largely dependent on a highly organised nervous 
system. The topography of brain has been done to study the 
relative size of the olfactory bulbs, lobes and olfactory 
tectum which reflect the degree of development of olfactory 
and visual reception . Davis and Miller (1967) also observed 
that since the development of sensory lobes (or bulbs) 
reflects hypertrophy of peripheral sensory mechanism, 
inference about the functional significance of these modalities 
may be made with reasonable confidence. In Carpsueker, 
Caroiodes vtlifer (Miller and Evans , 1965) for example, due 
to great development of taste buds in mouth and palatal organ , 
the vagal lobes are large. On the other hand Brans (1935, 

1952) reported that in gadidae, cyprtnidae and eatostoaidaa 
where external taste buds are numerous, the facial lobes 
become enlarged. Thus the relative development of the 
different lobes of brain may reveal to some extent the degree 
of development of different faculties. Therefore, macrosmatle 
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fishes must have large olfactory lobes end bulbs but have 
poorly developed optic lobes while micro sma tic ones oust 
have just reverse condition , 

The prosencephalon is related to olfaction, 
mesencephalon to vision and rhombencephalon to taste, 
equilibrium and lateral line system (Parker and Ha swell, 

1951} Lagler et al. , 1962 ). Nevertheless, the brain of 
teleosts has undergone a great modification. The dipnoan *s § 

brain is very similar to those of elasmobranchs whereas in 
actinopterygii the fore brain architecture is specific and 
shared by no other vertebrate. The brain of crossopterygii 
is intermediate (Hildebrand, 1974 ) . 

The noteworthy feature in some fishes is the 
location of olfactory bulb which is far away from the brain 
and lies near the olfactory rosette. Such condition is 
known as pedunculate, conversely, numerous fishes have 
sessile olfactory bulb i.e. the olfactory bulb is attached 
with the fore brain. 

In the present investigation the olfactory bulb 
is sessile in f£. nances but pedunculate in N. chi tala . 

&• blmaculatus and &. batilla. Sessile olfactory bulb kiss J 

been reported by Marshall (1967) in CycMthom alcrodone . j 

Cvema jjtrum etc. » Hara (1975) in Anguilla,, isox. Salao, j 

Schnitslein (1977) In teMUl, 

and Xteaentsox clnereus . Rahmani and Khan (1977) In j 
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4* testudlneus . Rizvi and Khan (1980) in Tetradon patoca 
and Sharma (1981) in M. armatus armatus . Hara (1975) was of 
tht opinion that most of the teleost* have sessile type of 
olfactory bulb. However, many fishes for example Selachi 
(Johnston, 1911 1 Malyukina et al . , 1969)# Corvdora paliatus 
(Miller, 1940) , Carasslus auratus (Schnltzlein, 1964) , 
gadidae (Devitsyna, 1972), Garra qotvla (Ojha and Kapoor, 1971), 
W. attu (Ojha and Kapoor, 1972), 1^. rohita (Ojha and Kapoor, 
1973a), Galeichthyes f ells (Morgan, 1975), & fossllls , 

C. carpio and N. notopterus (Sharma, 1981) have pedunculate 
olfactory bulb. Hara (1975) reported intermediate position 
of bulb between nose and fore brain in Raniceps ranlnus. 

Udsco and Cpryphaena hjppurus ; Sharma (1981) 
reported the same intermediate position in £. denricus . 

The relationship between sensitivity of olfaction 
and location of bulb has not been differentiated (Malyukina 
e£ g£,. ( 1969)* The present findings reveal that such 
relationship exists between micro saa tic and aacrosmatic 
forms with respect to sessile and pedunculate conditions of 
olfactory bulb. jj. nandus with sessile olfactory bulb 
exhibits micro sma tic character whereas other fishes with 
pedunculate or intermediate position of olfactory bulb show 
macrosmatic nature of olfactory sensation, Malyukina *s o& 

(1969) observation further supplied by Marshall's (1967) 
on bathypelagic fishes. The males of most 
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bathypelagic fishes have large olfactory organ (macrosmatic 
condition) but females have small or regressed olfactory 
organ ( micro sma tic condition ) . Same findings were reported 
by Waghray (1986) in electric ray, Narclnc timelei where 
sexual dimorphism Is observed. In both the sexes sessile 
bulb is reported. 

Shifting of olfactory bulb, close to the rosette 
(pedunculate condition ) may be considered as an enhancement 
In the device of the reception of olfactory sensation more 
efficiently than the sessile one. This can be justified by 
observing macrosmatic nature of chita la , g, blmaculatus 
and g. bacaila (mesosmatic) bearing pedunculate bulb. 

Ecological coefficients calculated by relative 
lengths of telencephalon, mesencephalon and by the areas of 
both the rosettes and retinae, give distinctive results which 
can illustrate mlerosmatic, macrosmatic and eye-nose fishes 
(Tables 1-4), In g. blmaculatus and I£. chltala the area of 
two rosettes is remarkably higher than that of the two retinae 
and subsequently the value of telencephalon plus olfactory 
bulb stood considerably dominating over the mesencephalon 
discriminating these es macrosmatic fishes. nandus gives 
an idea of its micro sma tic nature as the value of two retinae I 
and these of mesencephalon is higher then those of two 
xeeottes and tol encephalon. With regards the calculation of ' 
sensitivity from ths point of view of area and brain lobe 
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nethod, 0. bacalla exhibit* no major difference in the value* 
of both the faculties. Hence this fish may be put under the 
category of eye-nose f i*h. 

M. nandus show* predominantly developed optic 
faculty which can be correlated with it* highly predaceous 
nature, preying on small cyprinid* and visually dash out to 
capture them. Hence f£. nandus is a microsmatic fish totally 
depend on optic faculty in discharging the activities 
required for the successful existence of this fish. 

chi tala with well developed olfactory faculty 
also utilizes vision in locating its prey in the depth of 
water as it is a bottom feeder. This heavy bodied fish 
becomes more active during night, mainly operating sense of 
olf action in discharging the vital functions. 

fi* bimaculatu* is a carnivorous fish but feeds on 
insects and their larvae where olfactory sense is required 
significantly for the location of these deep water micro- 
organisms. 

O', bacalla is a surface feeder, feeds on mosquito 
iarvae and equally utilizing both the faculties for the 
capture of the food and discharging other life activities 
justifying its position a* eye-nose fish* 

The author is of the opinion that irrespective of 
mecxosmatic, eye-nose and microsmatic nature ef fishes under 
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present investigation, the role of optic faculty can not be 
ignored, though its degree of efficiency with respect to 
olfactory sensitivity may varies. Except for the fishes of 
abbysopelagic zone of the sea, dark caves, very turbid water 
where vision is minimum or nil, most of the fishes utilize 
both vision and olfaction in performing the functions 
required for their existence* 


The olfactory organ of fishes has a low threshold 
(Taichmann, 1959; Kleere-Koper, 1969? Hara, 1975). The food 
source or a companion gives off its odour which diffuses or 
diminishes with the distance in accordance with something 
like inverse law of gas diffusion. The concentration of 
odour fails off rapidly with distance from the producer. 

When the receiver receives odour, it becomes excited and 
follows the odour gradient. If the receiver is very far off 
where the gradient has labelled, the excitement and increased 
activity of receiver might bring it nearer to the source 
where the gradient may be useable. Once the receiver is 
near the source of odour, its vision becomes mors important. 
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The water circulation: 

In all the four fishes of present investigation 
namely N. narsdus, fl, chitala , Q, biaaculatus and £. bacaila 
water enters the olfactory chamber through anterior nasal 
opening and expelled out through the posterior. This 
explains the unidirectional flow of water. 

The author thinks that water flow is always from 
anterior to posterior direction in the olfactory chamber 
irrespective of architectural differences of the two nasal 
openings. Doving ot al. (1977) reported that the direction 
of ciliary beat is consistent with the direction of water 
current i.e. the cilia beat from anterior to posterior 
direction of olfactory chamber. Eaton (1936) , Johnson and 
Brown (1962), Kapoor and Ojha (1973a) have reported the 
entry of water current through both the nasal openings but 
it is expelled out through the posterior. Kapoor and Ojha 
(1973a), Rahmani and Khan (1977) mentioned that water can 
enter and exit through both the openings. 

The constant beating of cilia creates the water 
current from anterior to posterior direction and the entry 
of water through posterior nasal opening will disturb the 
regular ciliary movement and ultimately the water current 
will be distorted. The histological observations in all the 
four fishes reveal the dilation in the lamellar epithelium 


and It Is inclined in one direction, presenting a concept 
of unidirectional ciliary movement* 

In addition to unidirectional ciliary movement, the 
anterior nasal opening is commonly placed forward and 
slightly above the surface of the head. Similar is the 
finding in all the fishes of present study. The anterior 
nasal opening is equipped either with thickened border or 
tube or tentacle or some other form which is in accordance 
with the concept that it is meant for receiving the water 
current during the forward movement and nonswimming state 
of the fish. The posterior nasal opening is wide in most 
of the fishes as compared to the anterior and it can 
conveniently release the water out. Q. blaaculatus and 
S* nandus possess valved posterior nasal openings which can 
only permit the exit of water current. chltaia and 
SI* bacaila era provided with nonvalvular posterior nasal 
openings, permitting expulsion of water without any 
hinderance. 

N. nandus bears well developed ethmoidal and 

lacrymal accessory nasal sacs in relation to ethmoid end 
laerymal bones. These sacs open by their separate openings 
underneath the valvular posterior nasal opening. It is a 
highly predaceous fish and capable ef swallowing the fish 
of half of its own six#, with the result strong jaw operation 
is reported. In this fish water current is created during 


it* forward progression, protrusible activity of jaw* and 
opercular movement. The presence of accessory nasal sacs 
in N. nan dus is an adaptation to its predaceous, active life 
and for accommodating enormous water. This is an agreement 
with Doving and Thonmtesen (1977) and Doving ejj, aj*. (1977) . 
Though g. bimaculatus and N. chltala are devoid of accessory 
nasal sacs, however, they are provided with some lamelaeless 
area in the rosette which maintains the grid of water circu- 
lation. g. baeaila is having short olfactory passage with 
wide posterior nasal opening which allows constant contact 
of water with the olfactory epithelium. In isosnate fishes 
the accessory nasal sacs are absent but they are provided 
with lamellaeless area which maintains continuous circulation 
of water through olfactory chamber. The residue of water 
always remains in the lamellaeless area In isosmate and In 
accessory sacs in cyclosmate fishes. 

Valves in posterior nasal openings have been reported 
in Cod and Navaga (Devitsyna, 1972), Moraena undulata (Kapoor 
and Ojha, 1972a), W. (Ojha and Kapoor, 1972), §, telchltta 

(Ojha and Kapoor, 1973b), jot J&U&, *ZM%m Mfilfttiio 

(Shanaa, 1981) . The valved condition of posterior nasal 
opening is obs erred in g. I* M8$m 

present study) . The fishes which do not have valve possess 
small posterior nasal openings, for example, C. pmctatus 
(Kapoor and Ojha, 1973b), Clarlui. latere (Burnt, 1909), 


Anguilla anguilla (Teichmann, 1954) but present study 
contradicts th®s« findings as nonvalvular posterior nasal 
opening in g, bacaila is remarkably wide. Similar finding 
was reported in C. carplo and !*,. denrlcus (Sharma, 1981) . 

When the fish swims in forward direction, water 
current is obviously created anteroposteriorly. The 
position of anterior nasal opening is always projected on 
the surface of snout either in the form of tube or border or 
rim or tentacle which may be an architectural adaptation for 
getting the water in the olfactory chamber of fish. 

Garra gotvla (Kapoor and Ojha, 1971), Baaarlus 
baqarius and Botia dario (Singh, 1972), y rohita (Ojha and 
Kapoor, 1973a) possess hood like structure which helps in 
deflecting the water into the anterior nasal opening. Bum# 
(1909), Hermann (1933), Teichmann (1934), Johnson and 
Brown (1962), Gooding (1963), Pfeiffer (1962) have also 
reported the presence of hood or nasal flap between anterior 
and posterior nasal pores. In present fishes, g, bacaila 
possesses short tube whose posterior half is broadly elevated 
in the form of a nasal flap in between anterior and posterior 
nasal openings, helps in directing the water to the anterior 
nasei opening during forward progression of the fish. In 
& chitaia the water current is deflected to the anterior 
nasal opening by nasal tentacle (Sterba, 1972) which is 
forwardly d^Lrested and vontrally grooved, raised from the 
thickened border of anterior nasal opening. 


According to Doving ej, al. (1977) fishes art put 
under tha category of cyclosmates and isosmate* with respect 
to their course of water circulation. In the former, 
olfactory chamber is provided with well developed accessory 
nasal sacs which help in drawing the water through the 
olfactory chamber but in latter the water current Is created 
by the ciliary movement of the lamellae. N. nandus falls 
under the category of cyclosmate but £). bacaila . Q. bimaculatus 
and fj. chi tala under isosmate fishes. The author is of the 
opinion that in all the fishes olfactory mucosa is ciliated 
which brings about the water current through the olfactory 
chamber and the accessory nasal sacs may be an additional 
device. Doving and Thoramesen (1977) diagrammatieally divided 
the olfactory passage into vestibule, corridors and gallery. 
The corridors are interlamellar spaces, richly supplied with 
cilia in all the four fishes of present study. The vestibule 
and gallery are well defined in Q,. bimacula tut and f£. chits la 
but with the restriction in the sixe of the olfactory chamber, 
the vestibule and gallery become less prominent in Q> bacaila 
&. MUMfeM,. 

Although £. bjiaaculatus and if, cfyltala are isosmate 
fishes, however, their olfactory rosettes are provided with 
some sort of lamelleeless area which maintains the continuity 
of water circulation. The former is provided with a girdle 
like lamellaoless eras, encircling it all around the periphery 


ft 
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whereas in latter it is In confluence with the posterior 
nasal opening . 0. bacalla bears well exposed olfactory 

rosette through a wide posterior nasal opening. The author 
is of the view that lamellaeless areas in O. biaaculatus and 
E* r ^ltala. compensate the absence of accessory nasal sacs. 



In N. chitala and o. biaaculatus the course of 
water circulation is longest because of the elongated 
olfactory chamber. In former it covers the area from snout 
to optic region and the posture of olfactory rosette is 
exceptionally elevated due to the presence of nasal and 
adnasal bones. In both the fishes water is drawn into the 
anterior nasal opening either by nasal tube or tentacle (as 
the case may be) . In f|. chitala the lamellaeless area in 
confluence with the posterior nasal opening creates suction 
of water, synchronously with the opercular movement and 
yawning of the fish. This leads the circulation of water 
through central and peripheral channels of the olfactory 
rosette and properly passes through the interlamellar spaces. 
It is ultimately expelled out through the posterior nasal 
opening* in biiaaculatus water enters through the anterior 
tubular nasal opening and circulates through central and 
peripheral channels of olfactory cavity and through the 
laaellaelass area, finally passes out through the poster!#* 
nasal opening* In both these fishes residual water is always 
inrnit in their lamellaeless areas which maintain the 


continuity of water circulation. The mucosa is densely 
ciliated and llngulforra process inclining anteroposteriorly, 
operate the water current effectively and ensures proper 
involvement of water with the olfactory surface. In N. nandus 
water is effectively circulated by the expansion and contra- 
ction of accessory nasal sacs, synchronously with jaw 
movement. In &. bacaila the olfactory passage is shortest 
because of the presence of wide posterior nasal opening 
which permits constant exposure of olfactory lamellae to the 
water in all the states (stationary or moving) . Hie water 
circulation in this fish is unidirectional, enters through 
anterior and passes out from posterior nasal opening , 
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Histology ,• 

Th« g on oral pattern of olfactory epithelium of 
vertebrates has been studied by Hopkins (1926) » (Calmer (1927) , 
Allison (1953), Bloom (1954), Le Gres Clark (1957), D* Lorenzo 
(1957) , Otto son (1963) , Porter and Bonneville (1964) , Frisch 
(1967), Moulton and Beidler (1967) , Whelan e& aj^. (1986) and 
they described that it comprises of receptor cells inter- 
mingled with supporting cells. The other cellular components 
end fine structure of the olfactory epithelium have been 
worked out in number of fishes by Trujlllo-Ceno'x (1961), 
Bannister (1965), Bronshtein and Ivanov (1965), Vinnikov 
(1966), Wilson and Wes tertian (1967) , Gamut and Doving (1969), 
Kleerekoper (1969), Ojha and Kapoor (1973), Kapoor and Ojha 
(1974) , Kara (1975), Yamamoto and Ueda (1977, 1978a,b,e,d,o,f ), 
Zeiske (1979), Theison a J,. (1980), Rahmani and Khan 

(1980), Sharma (1981), Singh and Singh (1986) and Doroshonke 
and Motavkin (1987). It is commonly observed that the baoio 
plan of olfactory epithelium of fish exhibits no fundamental 
variation from general vertebrate pattern. The lamellae of 
fishes consist of two main layers * the outer mucosa, consists 
of supporting, secretory and sensory cellular co mp on en ts and 
the inner central core or submucosa with nutritive and 


supporting components. The relative thickness of wm&m and 
suboucosa varies greatly from fish to fish and sometimes in 
the rosettes of the same fish. The basement membrane stands 
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as partition in between mucosa and subraucosa and serves as 
the medium for the exchange of nutritional and nervous 
supplies . 

In the present histological study cf the olfactory 
epithelium of l£. nandus . £). bimaculatus . N. chitala and 
2.* bacalla. similar cellular organisation is observed with 
individual variation in the arrangement and shape of 
different cell types, hj. nandus and £L bimaculatus show 
greater cellular activity in the olfactory epithelium 
discriminating it as transitionary and nontransitionary 
epithelium. 

The transitionary condition of the olfactory 
epithelium in N. nandus is due to the flow of basal cells 
towards its periphery consequently, displacing the surround- 
ing cellular components. This leads to dsprssslons In the 
shaps of flask, funnel, vacuole and tubule. Conversely 
cuneiform, filiform, fungiform, hillock and minor elevations 
art resulted on the general olfactory surface. &. bacaila 
exhibits cellular activity on the olfactory surface which 
results swelling, narrowing, terminal curving, knobbing 
clubbing and trification in the lamellae. The olfactory 
epithelium of H* chitala is clearly distinguished into 
supporting end sensory xones. Doroshenko and Motavkin (1987) 
reported receptory and indifferent epittielii* In 0, bimacula tt 
very few number of posterior lamellae are in old and worn out 
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state, having enormously developed body and loose cellular 
organisation. Sharma (1981) observed zonatlon and transi- 
tionary state of olfactory epithelium in fj. fossllis and 

£* carplo. 


the supporting cells: 

According to Ojha and Kapoor (1973) the supporting 
cell bears 8-12 cilia implanted on the basal body. In the 
present study the olfactory epithelium of M, chita la and 
Q.* bimaculatus is provided with ciliated and noncillated 
supporting cells, arranged in well demarcated rones. In 
E* nandus ciliated supporting cells are present In the 
uniform olfactory epithelium but in its transitionary 
condition they are noncillated and having short body. In 
0. bacaila the supporting cells are mostly ciliated. Hopkins 
(1926), Kolmar (1927), Allison (1953) , Branson (1963), 

Watling and HLLlemann (1964), Bannister (1965), Ojha and 
Kapoor (1974) described only ciliated supporting colls in 
the olfactory epithelium of fishes* Holl (1965), Bertmar 
(1972), Bahmani and Khan (1980), Sharma (1981), Singh and 
Singh (1986) reported the presence of ciliated and noncillated 
supporting cells in the olfactory epithelium of some teleosts , 
Bertmar (1972a) reported that there is no difference between 
two typos of supporting cells in their abundance or relation 
to the receptors but when supporting ceils lie together, the 



group consists of one type of c®Xis. In accordance with 
Bertmar (1972a) the ciliated and nonclliated supporting 
cells are distributed in different zones in N. chitala and 
0. bimacula tus . In the former fish the supporting cells, 
present in nonreceptory region, are densely ciliated but 
those present with receptor cells are nonclliated. In 
£• bimaculatus the nonclliated supporting cells are present 
in the distal ends of all the lamellae but the ciliated 
ones are present in the proximal part of the lamellae on 
both the sides of raphe, demarcating supporting and sensory 
zones. The posterior lamellae are provided with major bulk 
of nonclliated euboidal supporting cells which are inter- 
mingled with raucous secretory goblet cells. In chitala 
the goblet cells art found with the ciliated supporting cells. 
The author is in agreement with Rahmanl and Khan (1980) and 
Shsrma (1981) that the grouping of different types of support- 
ing cells In a zone or in small groups may be for some 
functional significance. The ciliated supporting cells in 
£• biaaculatus and £. chitala. discharge the supporting 
function of olfactory epithelium and their heavy dilation 
effectively creates water current through olfactory chamber. 
Sharma (1981) reported similar functional significance of 
ciliated supporting cells in If. £. cafi&SU I- §ma&m 

armatus and ft. demrtcus . Singh and Singh (1988). also 
correlated the functional aspect of different cellular 
components of some hill stream fishes with their feeding habits 


In |£. nandus the supporting cells are subjected 
to great displacement due to tremendous flow of basal cells 
to any peripheral direction of the olfactory mucosa. This 
leads the peripheral or distal surface of lamella to convert 
in peculiar form of elevations or deepening*. The former may 
be in the shape of cuneiform, filiform, fungiform, hillock 
and miner elevations whereas the latter in the shape of 
tubule, flask, funnel and vacuole like deepening*. The flow 
of basal cells makes the olfactory epithelium transitionary 
which Is supposed to give rise any of the form described 
above for the purpose of enhancing the olfactory area as 
well as to accommodate the flow of basal cells. The transi- 
tionary stage of supporting cells is observed in C. caroio by 
Sharma (1981) where nuciferous nature of olfactory epithelium 
followed by the flow of basal cells resulted specific 
formations on the lamellar surface. Ojha and Kapoor (1973) 
in i*. roMta, Kapoor and Ojha (1974) in C. punctatus observed 
nuciferous activity in the supporting cells* 

The supporting cells in 0. bacalla are generally 
uniform except in the conditions of lamellar swelling, 
narrowing terminal curving, knobbing and trifurcation* In 
fuch formation* the supporting cells are transformed in 
accordance to roepective shapes . Similar findings wore 
observed by Sharma (1981) in £L foseils where curving, 
budding end detachment bear different types of supporting 
cells suited to a particular formation in a ions lie. 
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According to Moulton and Beidler (1967) the 
supporting cells significantly dischargt their secretory 
and nutritional function rather than providing mechanical 
support to the receptors. In ££. chitala the supporting cells 
are richly supplied with intervening mucous secretory goblet 
cells. This may be due to the positive nuciferous activity 
of some supporting cells which in due course of tine convert 
Into goblet cells and may be observed in different formative 
stages, ranging from mucous filled to empty theca of these 
cells. In g, bimaculatus mega and micro type of goblet cells 
observed in the hinder and distal ends of ths lamellae. The 
former converts from the supporting whereas the latter from 
basal cells, with the result of their muclferous activity in 
the respective zones of the olfactory epithelium* In H. nandus 
the supporting cells exhibit no muclferous activity. The 
presence of beaked goblet cells (in different formative 
phases) in the mucosa of g. bacaila show muclferous nature of 
its supporting cells. This is in accordance with Kapoor and 
Ojha ( 1974 ) that apart from their supporting function, tho 
supporting cells in ths olfactory mucosa have been assigned 
the role of secretion and isolation of receptor cells. On 
the other hand Oerebtxoff and Shekapenko (1992) and Qerebtxoff 
(1993) contradicted the idea of secretory nature of supporting 
cells. Doroshenko and Motavkln (1987) also described tho 
•ocrotory nature of supporting cells and reported secretory 
colls in indifferent and sometimes even In sensory epltheliwn* 





Lt Qrof Clark and Warwick (1946), Biota ( 1954) , 
Yamamoto ti Si* (1965), Frisch (1967), Stiff ort (1968) 
observed secretory fluid or granule* in tht supporting colls 
of diff oront animals. Tho nuciferous activity of supporting 
colls has boon reported by ojha and Kapoor (1973) , Kapoor and 
Qjha (1974), Rahmani and Khan (1980) and Sharma (1981). Tho 
author is of tho opinion that tho goblet colls have no 
separate origin but they are generated from the supporting 
colls and their degree of occurrence varies with the 
secretory nature of olfactory epithelium. 

The supporting cells in <£. bacaila are ciliated 
and distributed uniformly in all the lamellae except in some 
specific formations where they are noncilia ted. The olfactory 
epithelium of N, chi tala is clearly divisible Into supporting 
and sensory zones. The former is supplied with columnar 
ciliated supporting colls whereas the latter with nonelliated 
cuboidal cells. The ciliated supporting cells bear clusters 
of cilia entangled with mucous while cuboidal ones isolate 
the receptors in the sensory zone. This is in agreement 
with Kapoor and Ojha (1974) who observed that the supporting 
colls Isolate receptors. In 0. biaaculatus the receptor 
colls art distributed among ciliated and nonelliated support- 
ing sells but nonelliated supporting cells bear rich supply 
of sonsory element. In biscuit tip the dilation is dense 
and entangled with mucous secretion, the supporting colls 
In & pamfeta. art ciliated in uniform surface but in tf«f»sl** 
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tionary one they are nonciliated and exhibit great variation 
under the pressure of migration of basal cells in different 
directions of the olfactory mucosa. The mucous secretory 
activity is not very much prevalent in nandus. however, 
few goblet cells at different levels of mucosa are rarely 
visible. Singh and Singh (1986) reported different forms 
of ciliated cells (type one and two), supporting cells, 
pigment cells, microvillus cells and rod cells in the fishes 
§g£lMai Schi^zgthorex richordso^li, Saajte, 

and Neomacheius nontanmis . The author is of the 
opinion that ciliated supporting cells are always columnar 
in shape but in indifferent and sensory regions of the 
olfactory epithelium, they acquire nonciliated and cuboidal 
condition* 

In the present study the author observed cilia in 
all the four fishes (N. naqdgs, g. E* SMMi. •»<* 

g. bacaila ) belonging to different habit and habitat, Gooding 
(1963) in Kateuwonus polap&s and Game and Dovlng (1969) in 
Lota lota observed total absence of cilia in supporting cells. 
Bannister (1963) described cilia in supporting cells of 

fMiJysim B&M&a UM *** reported that free 

surface of cilia bear irregular microvilli. In chlta la 
and g. blmaculatus the clusters of cilia are observed in the 
mucosa of olfactory epithelium, giving an Impression that 
two or more cilia may be coming out from these supporting 
sails. In &, nandus and Q. bacaila clustering of siUa is not 
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observed and single cilium Is coming out from the outer limb 
of the supporting cell. It can be Inferenced at this Juncture 
that the fishes which are totally dependent on ciliary mode 
of water circulation through the olfactory chamber are 
provided with cluster! of cilia and exhibit more nuciferous 
activity in the supporting zone. In 0. bacalla the wide 
posterior nasal opening allows the constant exposure of 
olfactory surface to the water and in N. nandus well 
developed ethmoidal and lacrymal accessory nasal sacs operate 
the water circulation through the olfactory chamber. Because 
of this reason the olfactory epithelium of N. nandus and 
2/ bacalla bears light dilation as compared to those of 

2* ^ssaUJaLt * n <* a* siMM a 

Hell (1963) suggested that noncillated supporting 
cells isolate the receptors end contribute to the metabolism 
between olfactory epithelium and blood, whereas ciliated ones 
act for the distribution of mucous on the epithelial surface. 
Hell (1963) and Pipping (1926) were of the view that cillery 
activity of olfactory epithelium creates water current 
through the olfactory chamber. DE Lorenzo (i960) was of the 
view that the supporting cells may be involved in the perce- 
ption of the sense of olfaction in some way or other. But 
Kapoor and OJha (1974) treated this view as an erroneous 
conception, the author is also of the view that marked end 
frequent existence of the receptor cells In the olfactory 
epit he l ium of fishes under study, leave no chance for 
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supporting cell to perform the function of olfactory reception. 
Therefore, the supporting cells are meant for the maintenance 
of integrity of the olfactory epithelium and to provide the 
mechanical support to the dendrite of the receptor cells, 
keeping them errected in the position for the reception of 
senses from the water current, passing through the olfactory 
chamber. 

The receptor cells: 

Rahmani and Khan (1980) reported that the receptor 
cells are almost uniformly scattered in young Anabas 
testudlneus but in an adult they are grouped and hurried In 
depressions in between the secondary lamellae. Singh (1972) 
observed similar pattern of distribution of receptor cells in 

teaslm toistoL* £&&*£«£&&* The 

distribution of receptor cells in different patterns of 
olfactory epithelium is significantly variable. Iwal and 
Nakamura (1964), Malyutina et ajl . (1969), Yamamoto and Ueda 
(1977) observed great variability in the distribution of 
receptor cells with other cellular components, Doroshenko 
and Motavkin (1987) explored the variability in the distri- 
bution of cellular elements ts the extent that the olfactory 
epithelium Is distinct into receptory and indifferent spithel 
Singh and Singh (1986) distinguished ciliated cells (type one 
.and two)* microvillus cells, pigment granules and rod sell* 
in the olfactory epithelium of four hill atroam fishes. 
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In the present investigation the author noticed 
that the distribution of receptor cells is subjected to the 
great variation with respect to the general condition of 
olfactory epithelium. In N.. nandus the receptor cells are 
irregularly distributed in all the places of olfactory 
epithelium but they are concentrated in specific deepening* , 
created by the migration of basal cells. The concentration 
of receptors at one place is termed as olfactory bud which 
may be flask, funnel, tubule and vacuole like. The receptors 
are absent in the adjacent elevations in the shape of 
cuneiform, filiform, fungiform, minor, major and hillock 
elevations. In N. chltala the distribution of receptor cells 
becomes strictly restricted in the sensory sons, clearly 
separating it from the supporting one. In fi. blmaculatus 
the receptor cells are distributed throughout the olfactory 
surface but they are more in number among the noncilia ted 
supporting cells in the distal end of the lamellae and in 
the hinder ones, JO, bacaila comprises of uniformly distri- 
buted receptors in its olfactory surface shewing their well 
stained dendrites coming out to the interlamella r spaces. 

Dogiel (1887), Morril (1898), Jagadowski (1901) and 
Gastello (1956) reported spindle, conical and columnar 
receptor cells in fishes and frogs. In Salats, rod and spindle 

-tipped receptor cells were described by Boll (1965) . He 
further reported spindle shaped receptor cells in ell the 
fishes studied by him whereas rod shaped receptor cells were 


found in Salrao qalrdneri. SaXmo trutta farlo. Esox lucinus . 

Elajgssa and || cgrex. Singh and Singh 
(1986) reported different types of receptor cells, named as 
cilia tad call (type ona and two), microvillus call, and rod 
call in soma hill stream fishas. The olfactory epithelium 
of J£. nandus represents primary neurones, rod and spindle 
shaped receptor calls. The rod shaped receptor cells in 
M* nandus art observed on the general surface of the olfactory 
epithelium where basal cells have not shown their migratory 
activity. The spindle shaped receptor cells are rare in 
occurrence and can accidently be observed in the olfactory 
epithelium. The primary neurones are richly concentrated in 
the specific deepenings, taking a shape of olfactory bud. 

The primary neurones are accumulated in different forms of 
deepenings for the reception of olfactory sensation which can 
be named as olfactory bud. In such formations, the dendrites 
are concentrated, sending their short and elongated sterocilia 
into the interlameJLlar spaces for the reception of olfactory 
sensation through the circulating water current. The findings 
of &. nandus are in accordance with Sharaa (1981) wherein 
C. carpio the formation of olfactory bud takes place In the 
spaces created by the empty theca of goblet cells. Berfmar 
(1972) reported these conditions in the olfactory epithelium 
of sea trout. Kblmer (1927) reported that rod and spindle 
shaped receptor cells are present in the mutest of men. 

NeuhBus (1955) reported four receptor types in dog. Bannister 
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(1965) described variation in the morphology of receptor coils 
in Phoxlnus phoxinus , fell (1963) was of th# opinion that two 
types of receptor cells ( spindle and rod shaped) represent 
different ontogenetical stages. Bannister (1965), Moulton and 
Beidler (1967) described them as the variation of one type 
resulted due to the tight packing of the cells. The author is 
of the opinion that rod shaped receptor cells are always 
present in broad olfactory epithelium among the columnar 
supporting cells whereas primary neurones are always present 
in some form of interruptions in the olfactory epithelium, 
sending short dendrites solitorily or in groups . In latter 
case the olfactory bud is formed due to the accumulation of 
dendrites at one spot. 

The formation of specific deepening* end elevations 
in the olfactory epithelium of nandus is a common feature. 
This may be due to the abundant distribution of basal calls 
and their subsequent migration in the olfactory epithelium, 
causing displacement of other cellular components, consequently* 
forming these different shapes. This is an adaptability of 
1« nandus for Increasing th* area of olfactory surface, 
simultaneously compensating the presence of less number of 
lamellae In Its rosette. The olfactory bud may be observed 
at any level of olfactory epithelium, depending upon the 
degree of migration of basal colls and subsequent ditpieee- 
sent of other cellular components. 




The primary neurones* spindle and rod shaped 
receptors in the olfactory epithelium of NL, nandus maintain 
their independent Identity and no synaptic contact in between 
any two receptors is observed. This is in agreement with the 
findings of Otto son ( 1963 ), Yamamoto et al.. (1965), Moulton 
and Beidler (1967) , Kleerekoper (1969), Graziadei and 
Metcalf (1971) and Rahmani and Khan (1980), They described 
that reeeptersmaintain independent identity and no synaptic 
contact can be observed in the olfactory epithelium. 

Contrary to the findings of above workers, Ojha and 
Kapoor (1973) in Labeo rohlta and Kapoor and Ojha (1974) in 
Ch janna punctatus observed secondary neurones in the olfactory 
epithelium which establish synaptic contact with primary 
neurones* Similar picture of receptors is observed in 
E* chltaia of present investigation. The demarcation of 
zonation is so acute that sensory zone is clearly distinct 
from the nonsensory (supporting and nutritional). This is in 
agreement with the findings of Doroshenko and Motavkin (iff?) 
who roportod distinct and indifferent epithelii in tho 
olfactory folds (lamellae) of some teleosts. The sensory zone 
of E*' ohitala is provided with primary and sooondary receptor 
cells which are Isolated by noncilia ted supporting colls, Tho 



dendrite of primary neurone extends to the interlamellar 
space for the reception of olfactory sensation. The secondary 
neurones are identical to the spindle shaped receptor cells 
in N. chi tala and occasionally send filamentous dendrites to 
the interlamellar spaces. 

The author is of the opinion that the presence of 
primary and secondary receptor cells alongwith the formation 
of synapses in between them may be the characteristic of 
some fishes in which J*. rohlta (Ojha and Kapoor, 1973), 

£. (Kapoor and Ojha, 1974) and cyjajj. (in 

present study) can be listed. 

The receptor cells in Qu bimacula tus are represented 
by rod shaped, spindle shaped and primary neurones. The 
spindle shaped receptor cell in this fish corresponds to the 
secondary neurones of t,. rohlta (Ojha and Kapoor, 1973) , 

£• punctatus (Kapoor and Ojha, 1974) and J|. fossllls (Sharma, 
1981) but they are situated at variable depth in the olfactory 
mucosa. The primary neurones are present at the angles in 
between the raphe and lamellae and also in the hinder lamellae 
and their terminal tips, the rod shaped receptor cells appear 
as giant cells in the proximal zone among ciliated supporting 
ceils* This corresponds to the olfactory epithelium of mm 
hill stream fishes (Singh and Singh, 1986 ). The presence ef 
spindle shaped receptor cells is occasional and confined In 
the distal atone. They can be treated as short bodied cells. 
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formed by the basal cells and could not attain a length of 
rod shaped receptor cell. With regard to the size of these 
receptors, the nuclei may be rounded, oval and elongated and 
the length of axon and dendrite depend on their position in 
the olfactory mucosa. 

In the olfactory epithelium of Qu bacaila, the 
receptor cells are seen intermingled with the basal cells and 
their identity can be recognised by long filamentous axon and 
dendrites coming out from these cells. The spindle shaped 
receptor cells in Q. bacaila can be observed in its olfactory 
mucosa. Vinnikov (1956) claimed that the cilia of receptor 
cells are the main element of perception and they act like the 
antenna for getting the sensation fro® the odorants, circula- 
ting through the water current. Similarly the olfactory cilia 
coming out from the tip of exon in &. bacaila arc more 
prominent and giving an appearance of long motile peremptory 
structure like the antenna , projecting into the interlamellar 
spaces. The spindle shaped receptors are occasionally grouped 
In two or very few more numbers in the olfactory epithelium of 
bacaila . This is in agreement with the findings of Qtexladel 
(1971) as he shown that the neurones In dm olfactory 
epithelium may join together at specific points to make this 
more sensitive for perception. Similar kind of packing of 
receptor cells was described by Hall (1965) in a set fish, 
Istalurus and by Bloom ( 1954 ) in toads and frogs at pointed 
out by Bannister (1965) arri Moulton and Boidlor ( 1967 ). 
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This can be taken into consideration that 0. bacaila 
and N[. chi tala possess two type* of receptor cells (Primary 
neurones and spindle shaped receptor cells) whereas N. nandus 
and g, biaaculatus with primary neurones, spindle and rod 
shaped receptor cells. Polymorphic nature of the receptor 
cells Is described by Dogel (1886), Jagadowski ( 1901 ) , Kolmer 
(1927), Allison (1933), Branson (1963) , Bannister (1963), 

Shaitaa (1981), Singh and Singh (1986) and Doroshenko and 
Motavkin (1987). The author is of the opinion that these 
forms of receptors are the derivative of basal cells and 
their shape is due to their packing in accordance with the 
concentration of other cellular components and their situation 
in the olfactory mucosa. 


The distal tips of dendrites of the receptors in 
fish and cyelostomes swell up into olfactory vesicles which 
bear olfactory hairs (cilia) (Jagadowski, 1901} Vinnikov, 

1936} Trujillo-Ceno*, 1961} Bronshtein, 1963, 1965} Bannister, 
1963} Kleerekoper, 1969} Ojha and Kapoor, 1973} Kapoor end 
Oj ha, 1974} Rahmani and Khan, 1980} Shania, 1981} Singh and 
Singh, 1986} Doroshenko and Motavkin, 1987). Similar forma- 
tion of olfactory vesicle was also reported in other verte- 
brates by Van Der Stricht (1909), LE Or©* aark end Harwich 
(1946), Bloom (1934), Da heron*© (1937), Ottesen (1963), 
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N. chi tala and Q. bacaila ) . In N. chi tala the olfactory 
vesicle can b# seen in the sensory zone alternating to non- 
cilia ted supporting cells. They are reverse V shaped in 
structure and bear microvilli which project into the inter- 
lamellar spaces. The dendrites of receptor cells in the 
olfactory epithelium of Q>. bacaila are in the form of 
olfactory (sensory) cilia which are found alternated by the 
cilia of supporting cells , These are coming out from the 
terminal tips of dendrites which at number of places take the 
form of olfactory vesicle. In g. nandui., rod shaped receptor 
cells are microvillus implanted on their terminal ends but 
the long dendrite of spindle shaped receptor cells end 
terminally in the form of olfactory vesicle with elongated 
cilia . In the specific deepenlngs of the olfactory 
epithelium of If. nandus. neurones project collectively as 
such leaving their terminal tips exposed to the interlamella r 
spaces but do not bear any specific formation. This may bo a 
condition because of the fact that such dendrites ere situated 
deep in the olfactory mucosa and collectively form olfactory 
bud where localized effective reception of sensation takes 
place. The spindle shaped receptor cells In f|. nandus tend 
filamentous cilia to the interlamellar spaces and no well 
marked olfactory vefticie is observed. Xn the olfactory 
epithelium of a* fria&Syl&faU the olfactory vesicle formation 
is not prominent but the rod shaped receptor cells bear 
elongated sensory cilia which may be of variable sixes. this 
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is in agreement with Doroshenko and Motavkin (1987) who 
observed flagella in the sensory ®pith®lium of Limanda yokohaiaae . 
His description of sensory flagella may be an exceptionally 
elongated cilia as the case in 0. blaaculatus (of present study). 

Wilson and Washerman (1967) reported cilia and 
microvilli on the same receptor cells in Caras sins auratus 
similar to the finding of Malyuklna e£ aJ,. (1969). The 

olfactory receptor cells of M. nandus. g. bimaculatus. 

chltalc and g. baeaila exhibit various types of olfactory 
cilia which probably reflect the functional heterogenecity of 
the sensory cells. 

Yamamoto and UFeda (1977) identified four types of 
receptor cells on the basis of the surface specialization 
(i) the first type bear 10-30 relatively long cilia on a wide 
and flat surface. All the cilia of this type inclined in the 
same direction over the wide range of the epithelium. This 
was calltd type one ciliated cell (latter they added that the 
cilia of the type one ciliated cells may be motile and might 
be associated with the circulation of fluid between the 
lamellae) » (il) type two ciliated cell has 8-12 short cilia 
which project radially from the round apex of the cell, (ill) 
the third type has a tuft of hundred or more microvilli but 
no cilia thus called ec microvillus cell, (iv) the fourth is 
red cell which neither bears cilia nor microvilli end Its ; 

apical end protrudes as simple red from the epithelial surface, j 
itmmflitier (1965) and Schulte (1972) have also described type i 


one ciliated cells but they regarded these cells to be non- 
sensory. Ichikawa and Ueda (1977) have found by the retrograde 
technique that type two ciliated cells and microvillus cells 
are genuine receptor cell, because when olfactory nerve is 
transected, only these two types of cells degenerate, while 
the type one ciliated cells and rod cells remain uneffected. 

This proves that type one ciliated cells are not receptor cells . 


In the present study it is observed that type one 
ciliated cells correspond to the ciliated supporting cells of 
M,* chitala . Here these supporting cells bear more than ten 
very elongated and stout cilia show their inclination towards 
one side and come out from their wide and flat distal limb. 

Type two ciliated cells correspond to the receptor cells of 
fi* bacaila where cilia are comparatively short and less in 
number, projecting Into the interlemeXlar spaces. The receptor 
cells of &. cMilM fete.alf.te. •» microvillus type 

(3rd type of cell) but the protruding end of primary neurones 
in crypts or empty theca in nandus may be Identified as 
fourth type of receptor cells as described by Vferaamoto and 
Ueda (1977). 


The mucous secretory goblet cells 


Kubiak (1962) in g^cqa. byorkna, Bannister (1965) in 
PhoxiiBii phoxlnus . Pfeiffer (1963) in Oncorhynchus. Partner 
(1972) in Ssiaa. Singh (1972) in toalM hnmrlai M* teti, 
iUiMs Dwlttyna (1972) in SaiBi BtBflft. iloginw novaq. an* 
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Ojha and Kapoor (1973) in jLabyjg. jghita, Kapoor and 
01 ha (1974) in Channa punctatus , Sharma (1981) in QC PftjTM Js, 
SSSB&Sb Hstoropneustei. fossllis , Mastacerafoalus a gg&&*& 
and Esoraus denrlcus , Doroshenko and Motavkln (1987) in limanda 
Yokohama a reported raucous secretory calls, as an important 
cellular componant of tha olfactory apithalium. Tha datailad 
review of Klaarakopar (1969), Kara (1975) also mentioned that 
tha mucous secretory activity, in tha olfactory epithelium of 
fishes, assists in tha reception of olfactory sensation. 

In the present investigation the mucous secretory 
activity is prominently noticed in g. bimacula tus . f£. chlta la 
and g. bacaila but in $£. nandus such activity is very restricted 
and the presence of goblet cells is rarely noticed. 

The olfactory epithelium of Xenentodon cancila 
(Singh, 1972), HXfeSB&U and f&feSLESlS. aestly alli 

(Branson, 1963), Collta fasclatus (Rahmani and Khan, 1979) , 
Anabai. testudlneus (Rahmani and Khan, 1980) is devoid of 
gobiet colls and thus no nuciferous activity is reported in 
those fishes. Hell (1963) described mucous cells in both 
indifferent and sensory epithelium of Salno especially in those 
places where secondary foldings are present. Berinar (1972) 
alee reported mature goblet cells in Seine which lie uniformly ; 
An surface sene of the Indifferent epithelium but are scattered | 
Id eeneory epithelium. Similar to the findings of Nell (1963) I 
and Bertmar (1972) the goblet cells are rlehly distributed . ■ | 
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in the olfactory epithelium of g. bacaila and g, blmaculatus . 

In these fishas goblet cells may originate either from basal 
cells or from supporting cells as a result of their nuciferous 
activity. The goblet cells in these fishes exhibit migratory 
feature as they can be observed at variable depth in different 
formative stages in the olfactory mucosa of 0. bacaila and 
g. blaaculatus . The goblet cells discharge their mucous into 
the interlamellar spaces after reaching to the peripheral 
surface of the lamella . The migratory activity of goblet cells 
in g. bacaila is prominent as the formative stages of these 
cells can be noticed in basal or deeper sone but the discharge 
of mucous is always Into the interlamellar spaces. In the 
lamellaeless area of g. blmaculatus the nuciferous activity 
is very common which is probably for entangling the foreign 
material circulated with water and permitting clear water to 
the interlamellar spaces. The mucous secretory activity in 
g. bgcjiU ®* d 2* in accordance with the 

olfactory mucosa of y rohlta (Ojha and Kapoor, 1973) » 

2« (Kapoor and Ojha, 1974 ), £. limtaft armatu*. 

a* 2* SIIE&a. »” d I* (sharma, 1981). In 

these fishes the goblet cells can be observed in the deeper 
zone of mucosa but they discharge their mucous into the 
interlamellar spaces. 
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This Is in accordance with the findings of Sharaa (1981) in 
I,* denricus and M. armatus erctatus , 

N. chitala reveals muciferous activity, restricted 
in the supporting zone where some supporting cells are ulti- 
mately converted into full grown mucous secretory goblet cells. 
These goblet cells are common in occurrence in the supporting 
zone, regularly intermingled with the supporting cells. 

In higher vertebrates the olfactory epithelium is 
kept moist by the secretion of Bowman* s gland (Allison, 1953) . 
This gland is absent in the fishes, however, unicellular goblet 
cells compensate the function of Bowman* s gland. 

In air breathing vertebrates the supra epithelial 
mucous layer dissolves the odorant particles to be smelled and 
wash away the material that has already been detected in the 
first sample of air (Hildebrand, 1974) , In fishes there is no 
need of dissolution of the material for odour perception as 
the odorant dissolved in external medium (water) , constantly 
circulates through the olfactory chamber. The mucous secretion 
in fishes plays important role in holding up the foreign 
material either in interlamellar spaces or in some form of 
lamsllaeless area, permitting clear water to the delicate 
olfactory surface and thus preventing injuries and infections 
to it. Zeiske e& a^. (I9T6) explained that mucous secretion 
from goblet cells smoothen the water flow in the olfactory 
chamber and acting as shock absorbent due to water pressure 
in the elfactory mucosa. The statement of Andrei (196$) , that 
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in fishes th# free surface of receptor cell is directly rinsed 
by the flow of water, is not correct (Zeiske e£ «£,. , 1976) . 

The mucous secretion is overlapped on the olfactory surface 
and thus helps in smooth flow of water in the olfactory 
chamber. Bosen and Comford (1971) stated that the slime 
(mucous) has a remarkable capacity to decrease the friction 
of water in the Pacific Barra cunda, Sphvraena araentca . for 
example, the friction of water decreases by as much as 65.6 
per cent. 


Bloom and Fawcett (1978) quoted that in mammals the 
only unicellular glands are the raucous secretory goblet cells 
which are scattered among the columnar cells of the epithelium 
on many raucous membranes . They further pointed out that 
goblet cells secrete raucous and are made up of an expanded 
apical end, filled with pale droplet of mucin. The basal end 
Is containing a compressed nucleus with small amount of deeply 
stained cytoplasm. The expanded cup shaped structure Is known 
as 'theca » which remains associated with the basal zone by a 
thin base like 'stem'* 

The structure of goblet cell In the olfactory 

epithelium of &* &aaSltoto» I* MMM. »««* 

g. exactly identical as described by Heem and 

Fawcett (1978) with reference to mammal. In g. bacaila . 
g. blraaculatus and chltala the theca is expanded cup shaped 
with dearly visible nuclear complex which is eeapreesed 'below 
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its bast in tht form of a deeply stained knob. In H. nandus 
tht goblat calls art rounded, giving inconspicuous visibility 
of thtca and its othtr associated structures. 

Tht goblet cells in Qu bacalla and l£. chita la ant 
more prominent, taking the shape of a wine cup. In the former 
a beak like protuberance is projected in in ter lamellar spaces. 
In N. chi tala the goblet cells are elongated and equal to the 
size of supporting cell. 

Ojha and Kapoor (1973), Kapoor and Ojha (1974) , Sharma 
(1981) and Doroshenko and Motavkin (1987) described goblet 
cells of varying shapesand sizes with variable degree of 
mucous secreting activity. In the lameliaeless area of 
Qu bimaculatus the mucous secretory activity is very 
prominent and goblet cells of different shapes and sizes 
can be observed. In N. nandus the olfactory mucosa is scantly 
supplied with the goblet cells but they are richly present in 
the accessory nasal sacs. The lameliaeless area of chitala 
is also richly provided with goblet cells. The author is of 
the opinion that the rich supply of goblet cells, in the 
lameliaeless areas of Skitalj. and bimoc.ula.tHS. and 
accessory nasal sacs in ff. nandus are for smoothenlng the 
water supply and entangling the foreign material, permitting 
clear water to the sensory surface. This is in agreement with 
the findings of Ho sen and Conford (1971), 


The association of goblet cells with aquatic mode 
of lift can be traced out because they are present in fishes 
(Whitaker, 1970) , amphibians (Farquhar and Pa lade, 1965) and 
aquatic snakes (Bannerjjee and Mittal , 1978). Their presence 
in aquatic form is to minimize the friction between the body 
and water, thus increase the mobility of the animal. The 
mucous secretion in olfactory chamber is for allowing the 
smooth flow of water and protects the sensory epithelium 
from the effect of water friction in fishes. 

The author attempted to classify the goblet cells 
under present investigation as those of with larger theca and 
other with smaller theca . The former are always seen among 
the supporting ceils and the latter with basal zone. This is 
due to the fact that goblet cells may be originating either 
from the supporting or from the basal cells. The nuciferous 
activity can be reported in both supporting as well as basal 
cells (Bertmar, 1972 ; Ojha and Kapoor, 1973; Kapoor and Ojtta, 
1974; Sharma, 1981) . Thus evidently the goblet cells 
originated from supporting cells may be having elongated body 
as compared to those originating from basal cells. The former 
can be named as mega goblet while the latter as microgoblet 
cells. The microgoblet cells reveal migratory tendency as 
they have to roach the peripheral or outer surface of olfactory 
mucosa for the discharge of their mucous. 

In bMaculaMs and &. baealla. both typos of goblet 
cells are seen and nuciferous activity can bt observed In 
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supporting and basal colls. But in N. chita la only megagoblet 
colls aro observed as thoso aro produced with tho result of 
muclferous activity of supporting colls . 

Bloom and Fawcett (1978) quoted that the secretion 

of raucous proceeds more or less continuously and and the life 
span of an individual cell is only two to four days in the 
intestinal mucosa. Although goblet cell normally passes 
through a long secretory cycle but they may be made to expel 
nearby all of their secretion at once. Similar to above 
finding it is observed that the goblet cells in Q,, bacaila . 

Q.* bimacula tus and &. chi tala exhibit continuous mucous 
secretory activity. In the olfactory mucosa of all these 
fishes, the goblet cells can be seen in different formative 
stages where the theca may be filled with raucous or may be 
empty after the discharge of its contents. In latter condition 
these cells cease their existence, creating the space for the 
flow of other cellular components. 

The basal cells: 

The occurrence of basal cells, in the olfactory 
mucosa of fishes and other vertebrates, is in a well demar- 
cated basal sons Just above the basement membrane (Allison, 

1953 1 c&sziadel, 1945; Andres, 1964s Wilson and Westorman, 
1967s tame and Having, 1967 1 Singh, 1972 s Bertmar, 1972; 

Ojha and Kapoor, 1973; Kapoor and Ojha, 1974s itexa, 1971 1 





Zeiske @X al- » 1976; Brans tein, 1976; Yamamoto and Ueda, 1977 ; 
Rahraani and Khan, 19*3). These cells are undifferentiated 
end give rise to supporting calls (Schaeffer, 1932; Cordier, 
1964; Ojha and Kapoor, 1973) or receptor cells (Andres, 1966; 
Thornhill, 1970; Qraziadel and Metcalf, 1971) or both types of 
cells (Bertmar, 1972; Kars, 1975; Sharaa, 1981; Singh and 
Singh, 1986; and whelan §X SX*> 1986}, 

In the present study of t|. nandus. &, bimacula tus, 
f|, Chi tala and &. bacalla. the basal cells occupy the lower 
region forming a well defined basal zone in the olfactory 
mucosa of lamellae, raphe, lamella eless area and accessory 
nasal sacs. In ft. chi tala the basal cells are scantly 
supplied in the supporting zone but they are present in 
greater bulk in sensory zone. In the former zone of N. chi tala 
the basal cells are present in an uniform single layer below 
the supporting cells but in sensory they are intermingled 
with the receptors and noncillated supporting cells. 

The accumulation of basal cells in chltala is seen in the 
supporting zone which appear as their preparation of trans- 
formation in other cellular components to fulfil the require- 
ment of growth or to enhance the olfactory surface. This is 
in agrosmsnt with the statement of Kalmar (1927), Schaeffer 
(1932) and Cordier (1964), According to thoso workers the 
basal cells are additional or younger form of supporting 
ceils which may ultimately replace the latter in the olfactory 
epithelium. The scanty supply of basal colls in the supporting 


zone gives an idea that they are regularly replacing the 
supporting cells as the latter are continuously transforming 
into goblet cells and ceasing their life after the discharge 
of the mucous. Shantha and Nakjima (1970) contended that the 
basal cells could not give rise the supporting cells. This 
was an erroneous idea as Shaxma (1981) * Singh and Singh (1988) 
were of definite contention that the basal cells are the 
mother cells and all the time replacing the eld and worn out 
cellular components in the olfactory epithelium of fishes.' 

In £. bacalla the basal cells are present in greater bulk in 
the olfactory epithelium and alternate the receptor elements . 
The lamellae of 0. bacaila exhibit swelling, narrowing, 
terminal curving, knobbing and trifurcation. All these 
formations are the resultants of the formative activity of 
basal cells and their flow in a particular direction. 

Thornhill (1970), Qraziadol end Metcalf (1971) used 
trltiated thymidine followed by autoradiography and attempted 
to Identify that the basal cells of the olfactory epithelium 
are differentiated into olfactory neurones which are 
continuously replaced during the life time of an individual. 
Similar to these findings the primary and secondary neurones 
in & chi tala are continuously replaced by the basal cells in 

J§ gtm. gm jrn mimiL T' JSh, 

JtlPI mmmWmJTf MPte 

The basal cells in nandus are abundantly present 
and show their frequent migration and accumulation to mtf 


direction in the olfactory mucosa, loading to tho croation 
of elevations and deepening s of different shapes and sizes. 

In ft. bimaculatus they are distributed in the basal 
zone in all the lamellae but become more concentrated in 
distal and hinder lamellae where they show their tendency of 
converting into goblet cells and sensory elements. In well 
composed ciliated zone of the lamella they are present almost 
in a single row, giving an idea of their regular conversion 
into supporting cells. The basal cells are sewn extruded out 
into the lnterlamellar spaces alongwith mucous discharge in 
all the fishes of present study. 

The mucif trout activity of basal cells is noticed 
in the olfactory mucosa of ft. bimaculatus end ft. bacaila but 
in H. cfritala only supporting cells display this activity# 

The author is of the opinion that the basal cells may directly 
or indirectly convert into goblet cells. In former condition 
they give rise to microgoblet cells whereas in latter (through 
supporting cell) into megagoblet cells. 

The basal cells are also observed in the accessory 
nasal sacs of &. n an du s and lamellaeless areas of &# chltala 
and ft. bimacula tus . The accumulation of the basal cells, -in 
varying bulk in the mucosa of accessory nasal sacs or lamellae- 
lees areas ef rosette, miner te .major elevations, is observed 
in their surfaces. The raphe of ft, chitala, ft. bimaculatus 

end ft, bacaila is greatly supplied with basal cells Just 'above 
the basement membrane, forming the basal sene. 


Eahsaani and Khan (1980) and Sharma (1981) reported 
that frequent mitosis in basal calls is a continuous process 
of formation of othar call types. Tha basal calls are observed 
in the connective tissue of central core or submucosa of raphe 
and the lamellae In nandus, g. bjfecuj,ajbas, N. ch&tala and 
g. bacalla continuously replacing and supplementing the 
cellular components of this rone. The subaucosa of above 
fishes bear variable supply of basal cells, fibroblasts, 
lymphoids, and histiocytes which are impregnated among the 
connective tissue fibres. 

The pigment tells: 

The sensory epithelium of hearing, olfaction, taste 
and touch is peculiarly supplied with pigment sells. The 
function of pigment sells is not fully known but it seems 
that they might be enhancing the smelling and hearing powers 
in the animal in some way or other (Allison, 1953) . It Is 
significant that albino animals, in which the pigment sells 
art lacking are particularly liable to poisoning (Allison, 

1953). Malyukina (1949) thought that there is s 

relationship between the intensity of colours of olfactory 
epithelium and the sensitivity of the organ of small, darker 
the epithelium, higher the sensitivity. Hildebrand (1974) 
also favoured the view that pigments may enhance olfaction in 
•one unknown may, Sharma (1991) observed pigment Mills in 
& mm3m gate.. 1* IfttllJUyu E* notoptarus and ft, carp Is. 
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Singh and Singh ( 1986 ) obsarvad pigment calls in Barillus 
b&ndallslias, Sd } Uotjfiorax richardspj^ and £&£&& 

In tha prasant study tha pigmant calls ara observed 
in the subimicosa or central core of N. chitala . 
and g. bacaila but rarely observed In N. nandus . Tha cone an- 
tra tion of pigment calls in above species of prasant investi- 
gation is along tha blood vassals and connactlva tiasua. In 
S* chitala branchad and prominent pigmentation is obsarvad in 
the c antral core of the lamellae and raphe, 

Devitsyna {1972} on the basis of the comparative 
study of three gadoid fishes concluded that pigmentation of 
olfactory plates is a characteristic feature of some species 
with a reduced olfactory function. Hovatia eleginus bears 
pigment cells while the lamellae of lota lota and Gadus morhua 
are devoid of these cells. 

Conversely to the findings of Devitsyna (1972) and 
in agreement with Malyutina *£ a£,. (1969), Hildebrand (1974) 
and Sharaa (1981) the fishes of present study 
(£t* S MMM, St* having well developed olfactory 

organ, show mere supply of pigment cells as compared to J£. nandus 
(of present study), having poorly developed olfactory organ 
with scanty pigmentation. Therefore, It can be concluded that 
the presence of pigment cells is related with the Increase of 
elfactory behaviour and not with the reduction of olfactory 
■ ■■ • 




SUMMARY 


The hlstomorphological study of the olfactory 
organs of four freshwater fishes (H. nandus . £. bimaculatus , 

N. chltala and 0, bacaila) has been described in present 
investigation. The olfactory chamber of all these fishes 
lies on the dorsolateral surface of the head. It Is 
situated close to eye orbit in N. nandus . close to snout in 

O. bimaculatus . inbe tween the snout and eye orbit in 

Q,. bacaila and extending from snout to eye orbit in N. Chita la . 

Each olfactory chamber, in all the fishes under 
present study, opens outside by incurrent anterior and 
ex current posterior nasal openings. They lie very close 
to each other in 0. bacaila whereas in N. nandus at a little 
distance but at a considerable distance in g. bimaculatus 
and N. chitala . 

The anterior nasal opening in N. nandus and 
N. chitala is rimmed. In the former it is nontubular 
whereas the latter is with forwardly directed and ventrally 
grooved anterior nasal tentacle. In 0. bimaculatus it is 
provided with forwardly directed anterior nasal tube, giving 
an appearance of the terminal end of the tusk. In &. bacaila. 
the anterior nasal opening is placed on a short tube whose 
posterior margin is comparatively more elevated which act a» 
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a nasal flap. The nasal flap, tentacle and tube help in 
deflecting the water to the anterior nasal opening . 

The posterior nasal opening, in all the four fishes, 
is flushed with the general surface of the head. It Is non- 
valvular in N. chltala and 0. bacaila . In former it is oval 
and in confluence with the posterior elevated margins of 
the rosette but in latter it is wide and semilunar, permitting 
a major portion of the rosette in constant touch with water. 
The posterior nasal opening in N. nandua is valvular under 
which separate openings of ethmoidal and lacrymal accessory 
nasal sacs are present. In g. bimaculatus, the posterior 
nasal opening is situated on an irregular area of Integument 
and remains covered by a valvular flap. 

The olfactory rosette shows a great variation in 
shape, size and number of lamellae in all the four fishes. 

On the basis of categorization proposed by Bateson (1089) , 
Burnt (1909) and Teichmann ( 1954 ), the roughly leaf end 
boat shaped rosettes of 0. bimaculatus and FJ. chltala can 
be placed under Bateson’s (1889) rosette type 2? Burnt' s 
(1909) rosette column II and Teichmann' s ( 1954) group III. 
Bounded rosette of 0 . bacaila can be placed under Bateson 1 s 
(1889) rosette type 3, Bume's (1909) rosette column III and 
Teichmann 's (1954) group IX, The rosette of N. nandus is 
quadrangular and very much regressed with most of Its part 
lamellaeless and peculiarly substituted with well developed 
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accessory nasal sacs. Such a rosette cannot be fit in any 
of the categories of Bateson ( 1889 ) • Bum# ( 1909 ) and 
Telchmann ( 1954 ). The placement of rosette of N. chita la 
in above categorization is not very much justified as it 
has acquired a considerable height with the erection of 
nasal and adnasal bones on both the lateral sides of the 
rosette. 

The rosette, in the fishes of present study except 
N, nandui . is provided with an t eropo s teriorly elongated 
raphe, dividing it into two equal halves and the lamellae 
are attached on its either sides. In N. nandus the 
lamellae are parallel to the long axis of the body. 

The number of lamellae varies from 7—10 In 
N. nandus . 64-104 in £. bimaculatus* 76-152 in N. chita Xa 
and 22-32 in 0. bacaila . In all these fishes, the lamellae 
show a trend of successive increase in their number with the 
growth of fish. The dorsal surface of the lamellae of 
£L* bimaculatus and M. chi tala bear llnguiform processes 
but in nandus and bacaila they are absent. 

As regards the relationship of the brain with the 
rosette it is found that the olfactory bulb is sessile in 
nandus but pedunculate in 0. bimaculatus , J£. chitsle end 

bUtiJfe...:. 
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The ecological coefficient is calculated by the 
areas of two retinae, two rosettes and the length of 
telencephalon and mesencephalon. It is seen that N. nandus 
is a microsraatic fish where optic faculty is tremendously 
developed but 0. bacaila is a eye nose fish, having both 
the faculties well developed. N. chi tala and 0. bimacula tu» 
show the macrosmatic characteristic due to greater development 
of olfactory faculty. However, the a mountable development of 
optic faculty in the former fish cannot be ignored , hence it 
plays supplementary role, making the fish more efficient. 

An attempt has also been made to correlate the eye nose, 
micro sma tic and macrosmatic characteristics of these fishes 
with their general habits. 

The flow of water, through the olfactory chamber, 
is unidirectional, created by anteroposterior beating of 
cilia in all the four fishes of present consideration. In 
H* nandus . the circulation of water through the olfactory 
chamber is assisted by the compression and expansion of 
accessory nasal sacs, operating with the protrusion of jaws 
and opening of mouth during its normal activity. The 
laaellaeless area, in Q. bimacula tus and chitala. helps 
in maintaining the continuity of water in the olfactory 
chamber. In latter fish, the lamellaeless area in confluence 
with the posterior nasal opening creates suction of water 
synchronously with the opercular movement and yawning of the 
fish, inviting forceful entry of water through the anterior 
naaal opening,,' . 
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The olfactory passage Is longest in 0. bimaculatus 
and N. chi tala whereas in 0. bacaila it is shortest. In 
N, nandus it is of moderate size. The vestibule, gallery and 
corridors are well defined in 0. bimaculatus and N. chita la . 
The corridors are the interlamellar spaces which Interconnect 
the vestibule with gallery. There is no such distinction of 
the olfactory passages in N. nandus and Q. bacaila as former 
is provided with accessory nasal sacs and latter with wide 
semilunar posterior nasal opening , keeping most of the part 
of olfactory rosette exposed to external medium. 

Histological observations exhibit that each lamella , 
in all the four species (N. nandus . Qi. bimaculatus . ff. chi tala 
and 0 . bacaila) . is composed of a central core or submucosa, 
lined on either sides by cellular layer of mucosa. The 
basement membrane stands as partition inbetween mucosa and 
submucosa. The mucosa is mainly constituted of varied forms 
of supporting, receptor, mucous secretory goblet and basal 
cells. The submucosa , in all the four fishes, is greatly 
variable and variations are noted in the submucosa of 
lamellae of the same rosette with respect to broadening and 
amount of supply of fibroblasts, histiocytes, connective 
tissue fibres, vascular elements and pigmentation. 

The ethmoidal and iaerymal accessory nasal sacs (in 
& aaO&tt)* lamellaelete area (in bimaculatus ) and floor 
of olfactory chamber (in 0. bacaila ) are also constituted of 
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subroucosa and mucosa: with excessive nuciferous activity 
which may be a device for clearing the water by entangling 
foreign materials, circulating within it as well as minimizing 
the frictional damage, suspected by the continuous passing 
of water through the olfactory epithelium. 

The variations, in the cellular composition of the 
lamellae, not only occur in different fishes of present study 
but also in the lamellae of the same rosette of an individual 
fish. 

From the point of view of histological variations, 
the lamellae of N. nandus can be distinguished as initial, 
middle and hinder ones. The initial lamellae possess well 
built submucosa and mucosa . The former is broader, not at 
the expense of the letter in the middle but it is enormously 
developed in hinder ones, causing reduction in the thicken- 
ing of mucosal zone. 

The olfactory epithelium is provided with different 
types of deepening# and elevations. The former are in the 
shape of flask, funnel, vacuole and tube whereas the latter 
cuneiform, filiform, fungiform, minor and hillock elevations. 
The deepening s are the forms of crypts which are richly 
supplied with primary neurones, taking the shape of 
•olfactory bud* where olfactory cilia in all the receptors 
come out from the terminal ends of the dendrites, pereeptlng 
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olfactory sensation from the circulating water current. 

In addition to deepening s and elevations in the olfactory 
epithelium of J£. nandus , minor lamellae, the offshoots of 
mucosal elements, are also observed in the interlamellar 
spaces of the rosette. The deepening#, elevations and 
minor lamellae are meant for increasing the olfactory 
surface in N. nandus . 

The basal cells exhibit remarkable tendency of 
migration in different patterns, causing such deepenings 
and elevations. The olfactory epithelium is said to be 
transitionary where basal cells are in the process of 
migration. The supporting cells in N. nandus are ciliated 
and columnar in well composed epithelium of a lamella and 
they become inconspicuously ciliated in the transitionary 
epithelium. 

The lamellae of 0. bimaculatus are divisible into 
anterior and posterior ones. The former lamellae are having 
compact cellular organization and possess almost uniform 
body whereas the latter with broader submucosa and scattered 
cellular components of mucosa . Each lamella is distinguished 
into proximal and distal zones on the basis of the distribution 
of cellular elements . The ciliated supporting cells are 
present in the proximal whereas nonciliated in the distal 
zones of the lamellae of 0, bimaculatus . 
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The distribution of cellular components is in a 
peculiar fashion in a lamella of H. chitala, showing clear 
cut zonation of sensory and supporting zones. The former 
extends from raphe to the middle of the rosette whereas 
latter from middle to the lateral wall of the olfactory 
chamber. In between these two zones, a notch like structure 
is visible. The submucosa , at this junction, is provided 
with the accumulation of connective tissue fibre bundles 
which form turger whose branches extend in the supporting 
zone for strengthening the enlarged lamella. In the 
supporting zone the supporting cells are densely ciliated 
forming clusters which act as effective instrument for 
creating the water current through the olfactory chamber. 

The lamellae of 0. bacaila can be divided into 
initial, middle and hinder ones. The shape of lamellae in 
a rosette is greatly varied showing swelling, narrowing, 
terminal curving , clubbing, knobbing and trifurcation. 

In all such variations, the extrusion of cells can easily 
be seen in the interlamellar spaces. The cellular activity 
is responsible for the lamellar shapes, described above. 
Sometimes the terminal tips are detached from the mother 
lamella in the form of bud wherein all the cellular 
components are pooled. 

The ciliated supporting cells in 0. bacaila are 
densely distributed in the proximal and middle regions of 


initial and middle lamellae but rarely in hinder ones and 
floor of olfactory chamber. The noncilia ted supporting cells 
are commonly observed in hinder lamellae, floor of olfactory 
chamber, knobs and curving* . They are also present inter- 
mingled among the ciliated supporting cells. 

The olfactory epithelium of N. nandus and 
£l* bimaculatus is provided with primary neurones, spindle 
and rod shaped receptor cells. N. chltala bears primary and 
secondary receptors whereas C. bacaila with primary neurones 
and spindle shaped receptor cells. The secondary receptors 
of N. chltala and spindle shaped receptor cells of O. bacaila 
are identical cellular elements but named differently as 
the latter remain independent and former establish synaptic 
contact with primary receptors. 

In f|. nandus. the primary neurones are abundantly 
present in the deepenings of different shapes (olfactory 
crypts ) , forming olfactory sensory unit, "the olfactory bud*. 
The rod and spindle shaped receptor cells are distributed 
in the mucosa in solitory manner among the supporting cells. 

In bimaculatus the primary neurones are present 
in groups in the distal ends and angles of lamellae, attached 
with raphe. In the distal ends of posterior lamellae of 
Q,. bimaculatus , the dendrites of spindle shaped receptor 
cells occasionally make synaptic contacts with the axons of 
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primary neurones. The rod shaped receptor cells are 
distributed in the proximal whereas spindle shaped in 
proximal and distal zones of lamellae. 

In M. chi tala . it is remarkably noticed that the 
sensory zone is provided with primary and secondary receptors. 
The dendrites of latter and axons of former usually make 
synapses. It is occasionally observed that the secondary 
receptor remains as an independent element and its dendrite 
is projected in the interlamellar space in the form of 
olfactory vesicle or cilia. The receptors in M. chltala are 
very prominent and present in regular succession alternated 
by nonclliated supporting cells. The synaptic contact, 
between two receptors, is a common feature of sensory zone 
of N. chltala but in 0. blmaculatus it is rare in occurrence 
in the distal zone of posterior lamellae. 

The olfactory epithelium of £>. bacaila Is abundantly 
supplied with receptor cells. The primary neurones are 
richly distributed in the tips of lamellae. They may also 
be seen intermingled with the supporting and spindle shaped 
receptor cells. The spindle shaped receptor cells are 
uniformly and commonly observed in all the regions of 
olfactory epithelium of Q. bacaila . 

The olfactory epithelium of the lamellae and 
associated structures are characterized with the presence 



of mucous secretory goblet cells. In N. nandus the goblet 
cells are rare in the lamellar epithelium but in ethmoidal 
and lacrymal accessory nasal sacs, they are abundantly 
present. In O. bimaculatus the goblet cells are commonly 
distributed in the distal zone of lamellae and lamellaeless 
area but rarely in the proximal zone. In H. chita la they 
are restricted in supporting zone with elongated theca „ 
filled with mucous secretory contents. In 0. bacalla the 
mucous secretory goblet cells are micro and mega types 
which may be originated from basal and supporting cells 
respectively. In the floor of olfactory chamber, the 
muciferous activity is maximum in 0. bacalla . Beaked 
goblet cells are also seen in g,. bacalla which may be a 
device for easy discharge of mucous in the interlamellar 
spaces. 

The mucous secretory goblet cells are unicellular 
glands which in N. nandus are provided with round to 
elongated, in Q. bimaculatua with elongated and short, in 
N. chitala with wine cup shaped elongated and in g. bacalla 
with both types (short rounded and elongated) of theca . Tho 
nuclear contents, in the goblet cell of all the fishes under 
study, are compressed in to a triangular area which remains 
connected with a stalk to underlying cellular region, Tho 
theca, In all these fishes, may be filled with mucous 
secretory contents, empty or in intermediate condition. Tho 
goblet cells discharge their mucous in the Interlamellar 








135 


spaces where it entangles foreign materials and allows clear 
water to circulate through the delicate surface of the 
olfactory epithelium. 

In N. nandus and 0. bacaila , the activity of basal 
cells Is very prominent. Their migration is responsible for 
different shapes of lamellae and mi c reformations but in 
extreme condition they become overflow, consequently, 
extruded out in the interlamellar spaces from these 
formations. The basal cells in N. chi tala and 0. bimacula tus 
are not very much activated and uniformity of lamellar 
surface is maintained except the broadening and na r rowing of 
submucosa. The grouping of basal cells can be seen in all 
the four fishes which may be a preparation in the direction 
of replacement, repair and formation of some other cellular 
components , required for the regular functioning of the 
olfactory epithelium. 

The pigment cells are observed in the submucosa of 
H. chltala. Q. bacaila and N. nandus which are found submerged 
in the connective tissue fibres and surrounding to the blood 
capillaries and sinuses. The pigment cells in N. chltala 
are remarkably branched and restricted in the supporting 
zone. nandus shows rare occurrence of pigment cells 
whereas they art absent in o, bimacula tus . 
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